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ABSTRACT 
 
In this project we examine mechanisms of linguistic and non-linguistic control in 
bilingual patients with aphasia for evidence of domain general cognitive control or 
domain specific cognitive control on tasks of low complexity and high complexity.  
Participants include 13 bilingual adults with aphasia and 20 neurologically healthy 
bilingual adults who are matched on age, years of education and measures of language 
experience.  All participants completed two linguistic control tasks and two non-linguistic 
control tasks.  Results from healthy controls and patients with less severe language 
impairment revealed that mechanisms of control do not overlap (i.e., indicative of domain 
specific cognitive control) on low complexity tasks, but do overlap (i.e., indicative of 
domain general cognitive control) on high complexity tasks, suggesting that as task 
demands increase, control mechanisms engage.  In contrast, for patients with more severe 
language deficits, results revealed that control mechanism do not overlap on low or high 
complexity tasks, suggesting that (a) as task demands increase, linguistic and non-
linguistic control mechanisms do not engage, thus they function differently compared to 
healthy participants and less severely impaired patients, and (b) there is a possibility that 
because patients with severe language deficits have difficulty with accessing lexical 
  vii 
representations, this language impairment may supersede their ability to engage in 
linguistic control. 
 
  viii 
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INTRODUCTION 
 
 MOTIVATION AND GOALS  
The majority of Europeans can speak in a language other than their mother tongue  
(http://ec.europa.eu/public_opinion/archives/ebs/ebs_243_en.pdf) and at least 20% of the 
United States is bilingual (http://www.census.gov/prod/2010pubs/acs-12.pdf).  However, 
aphasia research is primarily focused on monolingual patients and little is known about 
lexical access in bilingual aphasia.  Therefore, research that investigates bilingual aphasia 
will provide important knowledge to develop efficacious language therapy for bilingual 
individuals with aphasia.   
Researchers posit that when bilinguals speak one language, they must constantly 
inhibit the non-target language (e.g., Green, 1998; Costa & Santesteban, 2004).  This 
ability to suppress irrelevant information requires cognitive control and is key to bilingual 
language processing.  Previous research evaluating linguistic and non-linguistic inhibition 
in bilingual and monolingual healthy adults has revealed a bilingual advantage on non-
linguistic tasks (e.g., Costa, Hernandez & Sebastian-Galles, 2008; Luk et al., 2010). 
However, other studies that examine healthy bilinguals and monolinguals (Green et al., 
2010; Kousaie & Phillips, 2012; Paap & Greenberg, 2013) contradict the aforementioned 
studies, suggesting that linguistic and non-linguistic tasks may not engage overlapping 
brain processes.  It is clear that empirical research has identified the complex interplay 
between language control and cognitive control in healthy bilingual individuals (e.g., 
Costa et al., 2008; Paap and Greenberg, 2013; Luk, Anderson, Craik, Grady, & Bialystok, 
2010), but no study has systematically examined cognitive control in bilingual aphasia.  
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Our preliminary results (Gray & Kiran, 2015) suggest that bilingual adults with 
aphasia and neurologically healthy bilingual adults exhibit the congruency effect (i.e., 
faster response times on congruent conditions relative to incongruent conditions) in non-
linguistic contexts; however, results between the two groups diverge when linguistic 
contexts require various levels of control (e.g., within- and between-language conditions 
that vary by semantically related and unrelated word-pairs). Based on our preliminary 
results we propose to develop supporting tasks that will enable us to better understand the 
differences that arise between patients and controls when performing linguistic and non-
linguistic tasks that require control.  The results of this study will allow us to understand 
(a) the differentiation between mechanisms of linguistic control and non-linguistic 
control and consequently (b) how bilingual adults with aphasia demonstrate cognitive-
linguistic control during language processing.    
The corpus of bilingual aphasia is cursory and lacks empirical studies.  
Consequently, clinicians are unable to offer evidenced-based treatment methods to treat 
this burgeoning population.  The results of our study will provide groundbreaking 
information to better understand how mechanisms of linguistic and non-linguistic control 
are processed in bilingual adults with aphasia, which in turn has the potential to develop 
evidenced-based intervention techniques.  To understand where these mechanisms of 
control converge and diverge has strong implications on the foundation of speech therapy 
for bilingual adults with aphasia.  For example, if there is an overlap between linguistic 
and non-linguistic control mechanisms, perhaps it is effective to target control in the non-
linguistic domain and expect results to generalize to the linguistic domain. Therefore, our 
 3 
 
findings will have a direct influence on the development of research studies that offer 
evidenced-based treatment methods for bilingual speech therapy.  Finally, the long-term 
objective of this study is to broaden the platform for researchers who provide research 
backed treatment methods to speech language pathologists.   
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CHAPTER ONE 
MODELS OF BILINGUAL LANGUAGE CONTROL 
 
It is generally accepted that both languages are simultaneously active in the 
bilingual mind.  In bilingual aphasia, this delicate balance between the languages (i.e., 
language control) can be disrupted, so for our purposes it is important to discuss the 
models that account for bilingual language control and processing.  Notably, the bilingual 
language models of control and processing that will be reviewed in this chapter do not 
necessarily agree on how languages are accessed.  In this chapter we discuss the Revised 
Hierarchical Model and mixed model that account for translation and provide evidence 
that both languages are accessible and are linked to one semantic system. Then we 
discuss the Bilingual Interactive Activation Plus model that goes a step further and 
postulates that two languages are integrated and language selection is target language 
specific.   Next, we review the language-specific selection hypothesis that suggests that 
even though both languages are simultaneously active, lexical representations from only 
the target language compete for selection.   Following the language-specific selection 
hypothesis, we discuss the mental firewall, which is used in language-specific contexts 
and accounts for how the target and non-target languages are identified.  Finally, we 
discuss the Inhibitory Control model that posits that a whole language must be inhibited 
(i.e., non-language specific activation) for the target language to be accessed.  These 
models are relevant to bilingual aphasia because in order to examine how these processes 
of lexical access and control breakdown in patient populations, we must understand how 
they function in healthy bilingual individuals. 
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1.1 Revised Hierarchical Model (Kroll & Stewart, 1994) 
The Revised Hierarchical Model (RHM) was developed to explain translation 
asymmetries (Kroll & Stewart, 1994).  It is generally accepted that two language systems 
share one conceptual memory (e.g., Costa, Miozzo & Caramazza, 1999; Green, 1986; 
1998; Kroll and Stewart, 1994; Poulisse & Bongaerts, 1994).  The RHM uses this 
concept to account for bilingual language processing (i.e., how a target language is 
accessed).  Specifically, in an unbalanced bilingual with a dominant first language (L1), 
there is a direct link between a word and its meaning (aka the concept of the word), 
whereas the less dominant, second language (L2) accesses the meaning via the word in 
L1.   This means that bilinguals map newly learned L2 words to the L1 lexical 
representation which has a direct link to the conceptual representation.  Various 
experiments have provided empirical data that support this model (e.g., Kroll & Stewart, 
1994; Sholl, Sankaranarayanan, & Kroll, 1995).  Results of these studies reveal longer 
response time latencies when translating from the weaker language into the stronger 
language compared to the translating from the stronger language into the weaker 
language. See Figure 1 for the RHM schematic.   
The next model we discuss is similar to the RHM but differs on how lexical items 
from each language are associated with shared conceptual representations. 
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1.2 Mixed model (de Groot, 1992)  
Somewhat similar to the RHM, the mixed model of bilingual lexical 
representation (de Groot, 1992) suggests that L1 and L2 lexical representations are linked 
to the conceptual system. However, according to the mixed model, the L1 and L2 links 
are based on word type (e.g., concrete vs. abstract) and psycholinguistic variables of 
words (e.g., frequency and familiarity).  This foundation suggests that as a word’s 
frequency increases, its link from the lexical representation to the conceptual 
representation would also increase (i.e., become stronger).  De Groot (1992) and de 
Groot, Dannenburg, and van Hell (1994) conducted experiments that identified 
determinants of translation tasks.  These determinants include familiarity, imageability, 
Figure 1. The Revised 
Hierarchical Model.  Reprinted 
from “Category interference in 
translation and picture naming: 
Evidence for asymmetric 
connections between bilingual 
memory representations.” By 
J.Kroll and E. Stewart, 1994, 
Journal of memory and language 
33(2), p. 158. Copyright 1994 by 
Elsevier.    
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word type, word frequency, word length, and context availability.   
The RHM and mixed model are concerned with bilingual language processing 
because they account for translation between two languages.  They are relevant to the 
present study because they account for language proficiency, as aspect of language that is 
pertinent to bilingual aphasia.  The next model accounts for word recognition and begins 
to address how languages are controlled.    
 
1.3 Bilingual Interactive Activation Plus model (Dijkstra & van Heuven, 2002) 
In 1998, Dijkstra and van Heuven constructed the Bilingual Interactive Activation 
(BIA) model as an extension of the Interactive Action model of monolingual language 
processing (McClelland & Rumelhart, 1981, 1988).  The BIA accounts for bilingual word 
recognition in the context of orthographic representations.  In 2002, based on empirical 
findings, the researchers added phonological and semantic representations to the BIA 
model, thus the Bilingual Interactive Activation Plus model (BIA+) was developed 
(Dijkstra & van Heuven, 2002).  
It is assumed that within the BIA+ model, the bilingual lexicon is integrated and 
access to language is nonselective.  These two assumptions apply to orthographic, 
phonological and semantic representations.  When a written word is introduced to the 
word identification system, first sublexical orthographic representations are activated and 
this simultaneously activates sublexical phonological representations and lexical 
orthographical representations (i.e., whole word representations), thus activating lexical 
phonological representations (i.e., whole word representations) via a dual route system 
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(see Figure 2).  Then semantic representations will be activated via the orthographic and 
phonological representations that have been identified via the language nodes as one 
language or the other language.  From here, the input from the word identification system 
is then sent to the task/decision system. 
Because the BIA+ model is language nonselective, representations from both 
languages are simultaneously activated; however, the level of activation will vary due to 
states of resting-level activation. These resting-level states of activation reflect the 
frequency of usage tagged to each word.  For instance, if an unbalanced bilingual is 
stronger in L1, the dominant L1 will have a higher resting-level of activation relative to 
the weaker L2.  Another factor that affects activation strength across languages is 
reflected in the orthographical overlap between a bilingual individual’s language 
combination.  For instance, the nodes of two languages that share a strong orthographical 
overlap (e.g., Spanish and Catalan), will both receive strong activation when input enters 
the system. On the other hand, the nodes of two languages that have no orthographical 
overlap (e.g., Hindi and English) will not enjoy a similar overlap in activation.  
According to the model, activation strength reflects a continuum based on language 
combinations.  Furthermore, a variety of studies support the assumptions put forth by the 
BIA+ (e.g., Hernandez & Meschyan, 2006; Liu & Perfetti, 2003; van Heuven et al., 
2008). 
The BIA+ model employs the concept that both languages are active at any given 
point and accounts for how activation in one language is achieved. This model takes the 
concept behind the RHM and mixed model a step further because it accounts for bilingual 
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language processing (i.e., word recognition) and language control. The BIA+ model is 
relevant to the present study because it accounts for language control and processing. The 
following model discusses language control based on language selective access.  
 
 
 
 Figure 2. The Bilingual Interactive Activation Plus 
model.  Reprinted from “Language comprehension 
in the bilingual brain: fMRI and ERP support for 
psycholinguistic models,” by W. van Heuven and  
T. Dijkstra, 2010, Brain and Research Review 64, 
p. 114. Copyright 2010 by Elsevier. 
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1.4 Language-Specific Selection Hypothesis 
Although the RHM and the mixed model offer explanations for translation 
asymmetries and the BIA+ model explains bilingual receptive language processing, these 
models do not account for how an individual successfully produces the word of the target 
language and averts producing the translation of the non-target language. Now we turn to 
the language-specific selection hypothesis that is more specific to language control and 
production. 
It is understood that two languages in the bilingual mind are simultaneously 
active; however, the language-specific selection hypothesis proposes that only items in 
the target language compete for selection, (Costa et al., 1999; Costa & Santesteban, 2004; 
Costa, Santesteban & Ivanova, 2006; Roelofs, 1998; for a review see Costa, 2005).  
According to this hypothesis, because highly proficient bilinguals have strong lexical 
representations in both languages, this enables the language-specific selection mechanism 
to select lexical items from the target language while not permitting interference from the 
non-target language.  In contrast, for bilinguals with low proficiency in one language, if 
the lexicon of the weak language is not mapped on to long-term memory (i.e., an 
“integrated” lexicon), then the language-specific selection mechanism does not engage 
and other methods of language control (e.g., the inhibitory control hypothesis) must 
occur. 
Costa and colleagues (2004; 2006) present data where highly proficient bilinguals 
(Spanish-Catalan) who also have a weaker third language (L3; English) perform a 
language switching task in L2 and L3.  Results revealed symmetrical switch costs.  
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According to the authors, because participants are highly proficient in at least two 
languages, the language-specific selection mechanism engages, even when using a 
weaker language, as long as it has an integrated lexicon.  Thus, highly proficient 
bilinguals employ a control mechanism that is different from bilinguals who are learning 
a second language. 
 
1.5 Mental Firewall   
Another model that provides support for language-specific selection is the mental 
firewall (Kroll et al., 2008).  This language control model proposes that although lexical 
items from two languages may be simultaneously activated, the language items from the 
non-target language are not actually candidates for selection. According to this model, a 
language cue is responsible for ‘identifying’ or ‘signaling’ which activations are in the 
target language.  This model is somewhat different from the language-specific selection 
hypothesis because it involves a cue rather than employing a mechanism that engages as 
a function of the bilingual’s proficiency.   
In the next section we discuss a more popular model that assumes language 
activation is non-specific and accounts for how bilinguals control the cross-lexical 
competition that arises between two languages.  
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1.6 Inhibitory Control model (Green, 1998) 
The Inhibitory Control (IC) model, proposed by Green (1998), accounts for the 
ability to access the target language while simultaneously inhibiting the non-target 
language.  In order to explain the IC model, we must first step back and briefly introduce 
parts of the bilingual lexico-semantic system.  Lemmas are abstract representations of 
language.  In a sense, they are pre-verbal constructions that represent meaning but do not 
have phonemes attached to them.  Importantly, lemmas are tagged as belonging to one 
language or another, which offers one reason why it is believed that lemmas are the locus 
of language selection.  Schemas are plans to execute a goal.  In the case of language, we 
talk about language task schemas that specify the language required to complete the goal.  
For instance, a translation language task schema (L1-L2) would specify the output of 
translation which would be activating L2 and inhibiting L1. 
More specific to the IC model, first a goal (G) to achieve a communicative end 
(e.g., speaking in L1) is formed and this feeds into the conceptualizer (C), which builds 
the conceptual representation. (See Figure 3 for a schematic representation of the IC 
model.)  It is the supervisory attentional system (SAS), the lexico-semantic system, and a 
set of language task schemas that mediate this intention of communication and planning.  
In order to select a word, the SAS sends the information that specifies the language of 
choice to the language task schema and the conceptualizer transmits information 
pertaining to the conceptual representation to the lexico-semantic system.  It is the 
language task schema that exerts the inhibition and activation on the target and non-target 
language lemmas.  Specifically, the language task schema regulates the activation of the 
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(target language) lemmas and inhibits the (non-target language) lemmas from the lexico-
semantic system. Numerous studies provide evidence that supports this model (e.g., 
Gollan & Ferreira, 2007; Kroll et al., 2008; Linck, Hoshino, & Kroll, 2008; Meuter & 
Allport, 1999; Wodniecka, Bobb, Kroll, & Green, 2005).  In a seminal study, Meuter and 
Allport (1999) investigated bilingual language switching in naming tasks. Results 
revealed slower naming speeds when participants switched into their dominant language 
compared to their non-dominant language.  The authors argued that it took more effort to 
overcome the inhibition exerted on the dominant language when naming in the less 
dominant language compared to overcoming the inhibition exerted on the non-dominant 
language when naming in the dominant language.  
 
… 
 
 
Figure 3. The Inhibitory Control model.  Reprinted 
from "Mental control of the bilingual lexico-semantic 
system," by D. Green, 1998, Bilingualism: Language 
and Cognition 1, p. 69. Copyright 1998 by Cambridge 
University Press. 
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1.7 Comparison of models 
All models discussed in this chapter assume that both languages are active in 
parallel.  The models differ on principles regarding language processing and language 
control.  For instance, both the RHM and mixed model are concerned with how bilinguals 
translate lexical items from one language to the other.  The two models agree that both 
languages access a shared conceptual system.  However, according to the RHM, the 
stronger language has stronger direct links to the conceptual system, whereas according 
to the mixed model, strong links to the conceptual system are based on word type and 
various psycholinguistic variables.  Then we reviewed the BIA+ model that accounts for 
word recognition (i.e., language processing), and proposes that activation levels of words 
are based on frequency of word use (i.e., language control). 
In the latter half of the chapter we discussed the language-specific selection 
hypothesis, mental firewall, and IC model, all of which account for language control.  
These models agree that languages are simultaneously active; however, differences arise 
in how lexical items are produced.  According to the language-specific selection 
hypothesis and mental firewall, language production is target-language specific.  The 
mental firewall accounts for a target language cue, whereas the language-specific 
selection hypothesis proposes a proficiency-based control mechanism by which only 
target language items compete for selection. In contrast, the IC model is non-target 
language specific. This model proposes that because both languages are active in parallel, 
one language in its entirety must be inhibited. Theoretically, an individual’s proficiency 
level will affect the efficiency at which this inhibitory process will occur; however, 
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lexical item selection will always be language non-specific.   
Most important to our purpose is the IC model because it offers an explanation for 
language control as a function of inhibitory control processes.  It is these processes that 
also play a role in the context of non-linguistic cognitive control, and our aim is to 
explore the relationship between linguistic control and non-linguistic control.  Since the 
focus of this project is on bilingual aphasia, understanding these control mechanisms in 
healthy populations is an important foundation.  In the following chapter we discuss 
cognitive control.  We focus on one of its specific functions (i.e., inhibitory control) in 
order to examine how that type of control manifests in non-linguistic control tasks.    
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CHAPTER TWO 
TYPES OF COGNITIVE CONTROL 
Cognitive control is often associated with the functions observed in the prefrontal 
cortex (Aron, 2007; Miller & Cohen, 2001).  It is used to regulate a wide variety of 
processes that range from low level to high level tasks (Friedman et al., 2009) that 
include but are not limited to attention, mental flexibility, problem solving, reasoning, 
goal formation, planning, and execution (Jurado & Rosselli, 2007).  Cognitive control 
also involves the act of goal directed behavior to endogenous or exogenous stimuli 
(Miller & Cohen, 2001).  An essential aspect of cognitive control is inhibition, which has 
been linked to many definitions that can vary across and within disciplines. In this 
chapter we review a few of the prominent theoretical explanations that do a thorough job 
at presenting and supporting their outlines of inhibition. Each offers substantial 
contributions to the literature where Harnishfeger (1995) and Nigg (2000) discuss 
inhibition and interference as presented in various tasks, and Miyake et al. (2000) and 
Friedman and Miyake (2004) systematically examine specific functions of cognitive 
control and types of inhibition. 
 
2.1 Taxonomy of Inhibition Constructs (Nigg, 2000) 
 The organizational structure of Nigg’s (2000) taxonomy of inhibition constructs 
includes three classes of inhibition: executive inhibition effects, motivational inhibition 
effects and automatic inhibition of attention.  All three classes are included in Table 1; 
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however, for the scope of this paper, we will only discuss the classification most pertinent 
to our purpose, executive inhibition effects. 
 Within the class of executive inhibition effects, there is the distinction between 
interference control and three other types of inhibition.  The first process classified under 
executive inhibition effects is called interference control.  This is the ability to suppress a 
stimulus that distracts from a competing response and interferes with carrying out a 
primary response.  It is measured by the Stroop task, flanker task, priming, and dual 
interference tasks.  The second process classified under executive inhibition effects is 
cognitive inhibition.  This type of inhibition requires the active suppression of 
information such that the distracting information is withheld from working memory.  It is 
measured by directed ignoring (aka directed forgetting, which is the ability to 
intentionally inhibit information that was previously intentionally recalled), ratings of 
intrusive thoughts, and negative priming.  Behavioral inhibition is the third process 
classified under executive inhibition effects.  It involves the suppression of prepotent 
responses and is measured by the stop task and go/no-go task.  The fourth type of 
executive inhibition is oculomotor inhibition, which requires the suppression of the 
reflexive saccade.  This type of inhibition is measured by the antisaccade and oculomotor 
tasks. 
 Overall, this taxonomy offers a strong theoretical foundation that accounts for 
various aspects of inhibition while defining the difference between interference control 
and cognitive inhibition.  For example, although Nigg considers interference control to be 
a broad type of inhibition, it is quite similar to cognitive inhibition.  However, the 
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difference between the two processing mechanisms is that cognitive inhibition is relevant 
to working memory function, whereas processing mechanisms of interference control are 
not.  We will return to this distinction in the section below when we discuss 
Harnishfeger’s framework of inhibition (1995).  Because Nigg (2000) based his 
taxonomy on the Harnishfeger’s (1995) framework of inhibition, some aspects of the two 
explanations of inhibition overlap. 
Table 1. Taxonomy of Inhibition Constructs. (Nigg, 2000)
Inhibition class & process Example measure "task"
Executive inhibition effects
1. Interference control (prevent interference Stroop; flanker tasks; priming and
due to resource or stimulus competition) dual-task interference tasks
2. Cognitive inhibition (suppress nonpertinent Effortful: directed ignoring; 
 ideation to protect working memory/attention) ratings of intrusive thoughts;
Automatic: negative priming
3. Behavioral inhibition (suppress prepotent Stop task; go/no-go; suppress 
[automatic/prepared/cued] response) attentional orienting
4. Oculomotor (effortful suppression of reflexive saccade) Antisaccade task; oculomotor
tasks
Motivational inhibition effects
1. Response to punishment cues Inhibit primary response: modified
go/no-go; inhibit competing response;
emotional Stroop
2. Response to novelty
Automatic inhibition of attention
1. Suppress recently inspected stimuli for Attentional & oculomotor inhibition 
 both attention and oculomotor saccade of return
2. Suppress information at unattended locations Covert attentional orienting;
while attending elsewhere neglect  
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2.2 Framework of Inhibition (Harnishfeger, 1995) 
 Harnishfeger (1995) posits a framework of inhibition that makes particular 
distinctions between inhibition and interference, behavioral and cognitive inhibition, and 
intentional and automatic forms of cognitive inhibition.  Each of these distinctions 
represents hierarchical levels within the framework (see Table 2). 
 Critical to this framework is that although there are associations between 
inhibition and interference, they are also separable constructs.  Inhibition concerns the 
voluntary, intentional suppression and removal of non-target information from working 
memory.  Tasks that tap inhibition include negative priming, intrusions in memory, and 
activation of relevant and irrelevant information during cognitive processing.  In contrast, 
interference allows information to enter the system, which results in a decline in 
performance because target and non-target information compete for attention.  According 
to Harnishfeger (1995), interference actually disrupts processing because it requires 
selecting between multiple stimuli, thereby producing a bottleneck for processing to 
occur.  Tasks that tap interference include dual task paradigms, the flanker task, and 
Stroop task. 
This framework makes a distinction between behavioral and cognitive inhibition 
as they reflect control of different domains.  Specifically, behavioral inhibition is the 
control of overt behavior (e.g., motor inhibition), whereas cognitive inhibition is the 
suppression of mental representations or previously activated attention processes. 
Another distinction concerns the organization of two categories within cognitive 
inhibition. Intentional cognitive inhibition is when a non-target, distracting stimulus is 
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consciously identified and intentionally suppressed.   The directed forgetting paradigm is 
commonly employed to tap this type of cognitive inhibition.  The other category within 
cognitive inhibition is automatic cognitive inhibition.  This is an unintentional act that 
occurs prior to consciously processing stimuli and is associated with interference 
resolution.  This type of inhibition requires the active suppression of stimulus items that 
were previously target stimuli and this processing occurs without conscious intention or 
awareness.  Tasks that tap this type of inhibition are selection of context appropriate 
meanings for polysemous words or the Stroop task when it is specifically designed to tap 
negative priming, which requires active suppression of previously activated stimuli.  
Harnishfeger’s (1995) framework of inhibition is interesting because it accounts 
for the subtle differences between inhibition and interference, how a common task (e.g., 
the Stroop task) can be manipulated to tap inhibition or interference, and the framework 
also identifies two categories within cognitive inhibition (automatic and intentional).  The 
designations proposed by this framework are helpful when identifying types of inhibition 
or interference to examine when structuring research questions and experimental 
paradigms to be used in research studies.   For example, the traditional Stroop task or 
flanker would be appropriate tasks to explore interference; however, the Stroop task can 
be designed to examine negative priming which incorporates the function of working 
memory and is more line with processes associated with interference.    
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Table 2.  Framework of Inhibition. (Harnishfeger, 1995)
System Example measure "task"
1. Inhibition: negative priming, intrusions in memory,
voluntary, intentional suppression and removal activation of relevant/irrelevant info. during
of non-target info. from working memory cognitive processing
         a. behavioral (e.g., motor inhibition) stop signal paradigms
         b. cognitive (e.g., suppression thought suppression or clearing of incorrect inferences
of mental representations)
from memory paradigms
b.1 automatic cognitive inhibition selection of context appropriate meanings for polysemous words
b.2 intentional cognitive inhibition direct forgetting paradigms (i.e., forgetting the previous target)
2. Interference:
performance declines when target and non-target stimuli dual task paradigms, Flanker task, Stroop task
compete for attention  
 
2.3 Model of Inhibition (Friedman and Miyake, 2004) 
 Friedman and Miyake’s model of inhibition (2004) is based on two systematic 
analyses that examine the effects and relationships between the outcomes of various non-
linguistic experimental paradigms that tap executive function.  In a seminal study, 
Miyake et al. (2000) first examined the unitary versus non-unitary relationship between 
three target functions of executive function: shifting between tasks or mental sets, 
updating and monitoring of working memory representations, and inhibition of 
dominant or prepotent responses.  In the second part of the study, the researchers 
examined the influence of each target function on higher-level tasks that are frequently 
used to examine executive function in cognitive and neuropsychological studies (i.e., the 
Wisconsin Card Sorting Task, the Tower of Hanoi, random number generation, operation 
span and dual tasking).  Young college students were asked to complete a battery of tasks 
that were proposed to tap each of the three target functions: set shifting (tasks included 
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plus-minus, number-letter, and local-global tasks), updating (tasks included keep track, 
tone monitoring and letter memory) and inhibition of prepotent responses (tasks included 
antisaccade, stop signal, and Stroop). Results revealed that the three target functions 
exhibit processes that are distinct yet also related, thus offering support for both the unity 
and diversity of executive functions.  So although there are common mechanisms across 
these types of executive function, there is a difference, and various experimental 
paradigms should test different types.  That said, because tasks that tap executive 
functioning usually require various cognitive resources, it can be challenging to identify 
tasks that tap only one characterization of executive functioning.  Results of the second 
part of the Miyake et al. (2000) study revealed that although the three target functions 
were correlated to each other, they demonstrated varying degrees of influence on the 
Wisconsin Card Sorting Task, the Tower of Hanoi, random number generation, and 
operation span, indicating that even complex executive tasks will be more strongly 
related to certain types of executive functions. 
 To extend the Miyake et al. (2000) findings, Friedman and Miyake (2004) 
conducted a study that examined inhibition processing.  Because the term inhibition is 
used loosely in the literature to describe many different functions, they decided to study 
three types of inhibition and interference control functions: 1) prepotent response 
inhibition which is the ability to suppress a response that was trained to be automatic; 2) 
resistance to distractor interference which is the ability to ignore distracting, non-target 
stimuli, and 3) resistance to proactive interference, which is the ability to resist 
distracting, non-target stimuli which was previously response stimuli.  In order to identify 
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any separable qualities among these types of inhibition, the authors employed a latent 
variable analysis in order to identify any separable qualities.  See Table 3 for a list of 
targeted functions and the tasks used to tap their processes.  An additional analysis used 
structural equation modeling to evaluate the correlation between three questionnaires 
(i.e., Cognitive Failures [Broadbent et al., 1982]; Suppression of Unwanted Thoughts 
[Wegner & Zanados, 1994] and Social Desireability [Crowne & Marlow, 1964] and the 
types of inhibition and tasks that are hypothesized to involve inhibition-related functions 
(e.g., random number generation, negative priming, task-switching ability, reading span 
test).  Results of the study’s latent variable analysis indicated that prepotent response 
inhibition and resistance to distractor interference are correlated with each other, whereas 
resistance to proactive interference does not show any relationship to prepotent response 
inhibition or resistance to distractor interference.  This suggests a dissociation between 
types of inhibition that have previously been grouped together, thus furthering the 
discussion that identifying the type of inhibition to be examined is a crucial step when 
designing experiments and choosing experimental paradigms.  For example, although the 
Stroop task requires inhibition of prepotent responses and the flanker task requires 
resisting inhibition from simultaneously presented distractors, these two tasks are more 
similar and may complement each other more so than the Stroop or flanker and a task-
switching paradigm, which is designed to tap proactive interference.  Results of the 
study’s structural equation modeling analysis revealed that prepotent response inhibition 
and resistance to distractor interference are predictive of performance outcomes on 
random generation, task-switching, and the cognitive failures questionnaire, whereas 
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proactive and resistance to distractor interference are predictive of performance outcomes 
on random number generation, task-switching, and the cognitive failures questionnaire, 
whereas proactive interference is predictive of outcomes on the reading span recall task 
and unwanted intrusive thoughts questionnaire, thus offering further support for a 
dissociation between proactive interference and the first two target functions. 
Table 3.  Three types of inhibition and interference control and experimental paradigms. (Friedman and Miyake, 2004)
Inhibition/Interference control  types Tasks
1. prepotent response inhibition antisaccade 
stop signal 
Stroop 
2. resistance to distractor interference flanker 
word naming (that includes trials with and without distractors)
shape matching (that includes trials with and without distractors)
3. resistance to proactive interference Brown-Peterson variant (Kane & Engle, 2000)
AB-AC-AD (Rosen & Engle, 1998)
cued recall (Tolan & Tehan, 1999)
(ability to suppress stimuli that was 
previously a target)  
 
2.4 Comparison of theoretical presentations of inhibition 
Three different explanations of inhibition have been presented in this chapter. As 
it is to be expected, sometimes they overlap and sometimes they do not, and terminology 
can also be a source of confusion.  For instance, according to Nigg (2000), the directed 
ignoring paradigm is associated with cognitive inhibition and classified under executive 
inhibition effects, whereas Harnishfeger (1995) refers to this paradigm as ‘directed 
forgetting’ and says that it taps intentional control of inhibition.  Although Nigg and 
Harnishfeger use different terminology to describe tasks, they do agree that the same 
paradigm taps similar inhibitory processes.  Another difference between the taxonomy of 
inhibition constructs (Nigg, 2000) and the framework of inhibition (Harnishfeger, 1995) 
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is how they organize their overall structures.  For instance, Nigg’s (2000) taxonomy 
includes three superordinate categories where interference control and three inhibitory 
classes are categorized under executive inhibition effects.  In contrast, Harnishfeger’s 
(1995) framework presents inhibition and interference as superordinate categories and 
behavioral and cognitive processes are subcategories classified under inhibition.  
However, despite the general, structural differences between Nigg’s (2000) taxonomy of 
inhibition constructs and Harnishfeger’s (1995) framework of inhibition, the 
categorization of experimental paradigms attests to the similarities between them.  For 
instance, Nigg (2000) and Harnishfeger (1995) both determine that the traditional Stroop, 
flanker, and dual-task paradigms tap interference control.   
Most relevant to our present purposes, the manner in which tasks are classified 
strikes a pivotal difference between Harnishfeger’s (1995) framework and Nigg’s (2000) 
taxonomy of inhibition from Friedman and Miyake’s model (2004).  Where Harnishfeger 
and Nigg categorize the Stroop and flanker tasks together, Friedman and Miyake (2004) 
explicitly differentiate between the types of inhibition that the Stroop and flanker tasks 
are purported to tap.  According to Friedman and Miyake (2004), the Stroop task is 
classified as tapping prepotent response inhibition, and the flanker is classified as tapping 
resistance to distractor interference.  Ultimately, by making clear distinctions between 
types of inhibition, this intrinsic quality of Friedman and Miyake’s model allows for 
further investigations that can tease apart the fine differences between types of inhibition 
and how they present in particular domains.   
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The organization of a theoretical backbone is an essential component to 
evaluating the association between cognitive control and language control.  
Consequently, Friedman and Miyake’s (2004) model of inhibition is most commonly 
cited in the literature that explores linguistic and non-linguistic control because this 
model enables researchers to explicitly identify experimental paradigms that tap specific 
types of inhibition.  For instance, Bialystok, Craik, Klein, and Viswanathan, 2004; 
Bialystok, Craik, and Ryan, 2006; Festman, Rodriquez-Fornells, and Münte, 2010 have 
used the Simon task, Stroop task, go/No-go, or antisaccade tasks to explore prepotent 
response inhibition.  Another commonly used experimental paradigm is the flanker task, 
which taps resistance to distractor interference (Costa, Hernández, Sebastián-Gallés, 
2008; Festman & Münte, 2012; Gray & Kiran, 2015; Green et al., 2010; Green et al., 
2011; Luk, Anderson, Craik, Grady, Bialystok, 2010).  Finally, to tap resistance to 
proactive interference, mixing tasks are frequently used to explore the interaction 
between mechanisms of linguistic and non-linguistic control (Calabria, Branzi, Marne, 
Hernández, & Costa, 2013; Calabria, Hernández, Branzi & Costa, 2011; Festman & 
Münte, 2012; Magezi, et al., 2012; Prior & Gollan, 2011; Weissberger, Wierenga, Bondi, 
and Gollan, 2012).  Because the Friedman and Miyake (2004) model of inhibition 
differentiates between subtle distinctions between types of inhibition and offers evidence 
to identify specific experimental paradigms that tap these types of inhibition, it provides a 
substantial foundation for research studies.   
In addition, the majority of studies tap one type of inhibition in either the non-
linguistic domain and/or linguistic domain.  Occasionally studies will tap two types of 
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inhibition in the non-linguistic domain. For example, Festman et al. (2012) (to be 
discussed in greater detail in Chapter 4), investigated the interaction between linguistic 
control (as determined by bilingual experience) and non-linguistic control by employing 
the flanker task and Wisconsin Card Sorting Task.  This is an interesting experimental 
structure because it employs two types of unrelated inhibition and has the potential to 
reveal more information about the interaction of  linguistic and non-linguistic control 
mechanisms than testing the two types of inhibition that are more closely related (i.e., 
prepotent response inhibition and resistance to distractor interference).  
However, there is an inherent strength in the experimental design that 
incorporates multiple tasks that tap one type of inhibition. This is why it is important that 
the subtle differences between tasks (e.g., the Stroop task and the flanker task) are 
acknowledged. By carefully choosing experimental paradigms that tap similar types of 
inhibition, this type of experimental design allows for a more systematic investigation of 
inhibition.  Therefore, in the current project, we employ two non-linguistic and two 
linguistic tasks that tap resistance to distractor interference. By adopting this 
experimental design, it will facilitate a systematic investigation of how the mechanisms 
of linguistic control and non-linguistic control interact.  Additionally, of the control types 
outlined in Friedman and Miyake’s (2004) model, we choose to use resistance to 
distractor interference in the present study because it is the control type that best aligns 
with language control.  When a bilingual is using one language, the language not in use 
must be suppressed and this is similar to the active suppression of non-target stimuli, 
which is required in resistance to distractor interference. 
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CHAPTER THREE 
LINGUISTIC CONTROL AND NON-LINGUISTIC CONTROL 
IN HEALTHY BILINGUALS: 
TO WHAT EXTENT IS THERE AN INTERACTION? 
 
A plethora of studies that compare bilinguals and monolinguals have revealed that 
because bilinguals are constantly monitoring and managing two languages, this skill 
generalizes to improved inhibition control in the non-linguistic domain (Bialystok, 2010; 
Bialystok, Craik, Klein, Viswanathan, 2004; Bialystok, Craik, & Luk, 2008; Costa, 
Hernández, Sebastián-Gallés, 2008; Costa, Hernández, Costa-Faidella, & Sebastián-
Gallés, 2009; Hernández, Costa, Fuentes, Vivas & Sebastian-Gallés, 2010; for review see 
Bialystok, 2011; Bialystok, Craik, & Luk, 2012; Bialystok, Craik, Green, & Gollan, 
2009).  These studies are filled with intricate results, numerous experimental designs, and 
participant groups that are too diverse to explain within the scope of this context; 
however, this genre of research has made a profound impact on cognitive control 
hypotheses and paved the way for studies that investigate the relationship between the 
mechanisms that underlie linguistic control and non-linguistic control in healthy bilingual 
and multilingual populations.   
More recently, studies have begun to investigate and compare the performances of 
bilingual groups on linguistic control tasks and non-linguistic control tasks.  The findings 
have produced contrasting results that speak to an overlap, partial overlap, as well as a 
dissociation between the mechanisms that underlie the two systems (Calabria, Branzi, 
Marne, Hernández, & Costa, 2013; Calabria, Hernández, Branzi & Costa, 2011; Festman, 
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Rodriquez-Fornells, & Münte, 2010; Festman & Münte, 2012; Gollan, Sandoval, Salmon, 
2011; Linck, Schwieter, & Sunderman, 2012; Magezi et al., 2012; Prior & Gollan, 2011; 
Soveri, Rodriguez-Fornels & Laine, 2011; Weissberger, Wierenga, Bondi, and Gollan, 
2012).  In this chapter we discuss these studies that explore the interaction between 
linguistic and non-linguistic control.  Notably, they employ a variety of tasks that tap all 
three types of inhibition (prepotent response inhibition, resistance to distractor 
interference and resistance to proactive interference) classified in Friedman & Miyake’s 
Model of Inhibition (2004).  First we discuss the studies that are in support of an overlap 
between the two systems, then we review the body of work that has found a dissociation 
between the two systems, and lastly we discuss the studies that show a partial 
dissociation between the two systems. 
 
3.1 Overlap between mechanisms of linguistic control and non-linguistic control 
Studies have suggested that even within bilingual groups, individual differences 
in language control experience can influence non-linguistic control (Festman et al., 2010; 
Festman & Münte, 2012; Prior & Gollan, 2011; Solveri et al., 2011). For instance, in 
2011, Prior and Gollan conducted a study that compared two groups of bilinguals on a 
linguistic and a non-linguistic task switching task designed to tap resistance to proactive 
interference. Participants consisted of young college students categorized into one of 
three language groups: 1) monolingual English; 2) highly proficient, Spanish-English 
bilinguals who switched languages habitually throughout their day and 3) Mandarin-
English bilinguals who were less proficient in their L1 (Mandarin) relative to their L2 and 
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did not habitually switch languages throughout their day.  On the non-linguistic task, 
participants were asked to indicate with a button press if colors were red or green or if 
shapes were circles or triangles. On the linguistic task, the bilingual participants were 
asked to perform a cued, picture naming task.  In both tasks, stimuli were presented in 
single- and mixed-task blocks. The switch cost and mixed costs were evaluated.  Results 
from the non-linguistic switch task revealed no difference in switch cost between the 
monolinguals and Mandarin-English bilinguals, whereas the Spanish-English bilinguals 
outperformed both the Mandarin-English and monolingual groups.  No difference 
between language groups emerged on the non-linguistic mixed cost analysis. Results 
from the language switching task revealed that the Spanish-English bilinguals exhibited 
smaller switch costs than the Mandarin-English bilinguals, but no difference between the 
two groups was identified on mixing costs.  These findings suggest that within bilingual 
groups that differ on language use and experience, there are differences in how the ability 
to control information in linguistic contexts can generalize to control in non-linguistic 
contexts, thus supporting the hypothesis that there is an overlap of mechanisms that 
underlie linguistic control and non-linguistic control.  Because of this overlap, these 
findings are indicative of domain general cognitive control. 
Other studies that examine the effects of language experience on cognitive control 
have identified similar findings.  For example, Festman et al. (2010) and Festman and 
Münte (2012) conducted two sequential experiments with highly proficient German-
Russian bilingual participants divided into two groups: 1) intentional language switchers 
and 2) non-intentional language switchers. In the 2010 study, the authors evaluated the 
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bilingual performance on a go-No-go task designed to tap prepotent response inhibition.  
The intentional language switchers performed more efficiently (i.e., exhibited faster 
response times) on the go/No-go task compared to non-intentional language switchers, 
indicating that skill in the linguistic domain can transfer to the non-linguistic domain.  In 
the 2012 study, the authors evaluated the bilingual performance on the flanker task, 
designed to test resistance to distractor interference, and the Wisconsin Card Sorting 
Task, designed to tap resistance to proactive interference.  Similar to the 2010 findings, 
the intentional language switchers outperformed the non-intentional language switchers 
on both tasks.  By using three distinct tasks that tap three types of inhibition identified by 
Friedman and Miyake (2004), Festman et al. (2010) and Festman and Münte (2012) 
provide evidence that language experience within bilingual groups does influence non-
linguistic control.  Specifically, intentional language switchers are better at non-linguistic 
control compared to non-intentional switchers.  Furthermore, these findings suggest a 
link between mechanisms of linguistic control and non-linguistic control, which is 
indicative of domain general cognitive control. 
Finally, another recent study has also identified an interaction between 
mechanisms of linguistic and non-linguistic control.  In 2011, Soveri et al. conducted a 
multiple regression analysis to determine which factors of language experience (self-cued 
language switching, contextual switches determined by the environment, and 
unintentional switches) were related to tasks that tap executive functions.  Thirty-eight 
highly proficient and balanced Finnish-Swedish bilinguals between 30-75 years of age 
completed four tasks: the Simon task that taps prepotent response inhibition, the flanker 
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task that taps resistance to distractor interference, the spatial n-back task that taps 
working memory, and the number-letter task (i.e., a task switching paradigm) that taps 
resistance to proactive interference.  For the response time (RT) analysis, the model was 
significant and explained 14% of the variance, but the individual predictors did not reach 
significance. For the error analysis, the model was significant and explained 42% of the 
variance.  Self-cued language switching was a significant predictor of the mixing cost for 
the number-letter task.  These findings suggest that the more an individual performed 
intentional language switches in day-to-day living, smaller mixing cost in errors were 
incurred which indicated better control, thus providing further evidence in support of  the 
notion that within bilinguals, subgroups based on language experience can emerge and 
these differences are indicative of domain general cognitive control.     
The findings of the aforementioned studies offer strong support for the concept 
that the constant monitoring of two languages, as well as how the two languages are 
managed, can impact control in non-linguistic contexts.  Specifically, they reveal an 
interaction between the underlying mechanisms between linguistic control and non-
linguistic control and do so with a variety of tasks that tap all three inhibition types as 
defined by the Friedman and Miyake’s Model of Inhibition.  In sum, the results discussed 
provide evidence for domain general cognitive control.  That said, the majority of the 
studies used language experience (i.e., data from questionnaires) to identify a significant 
relationship with day-to-day language switching patterns and the ability to perform a non-
linguistic task of inhibition.  Only one study included both a non-linguistic switching 
task, as well as a linguistic switching task (Prior & Gollan, 2011). In order to increase 
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methodological consistencies across studies, a more coherent practice to evaluate the 
interaction of the mechanisms underlying linguistic control and non-linguistic control 
would be to include both non-linguistic and linguistic tasks.  The studies discussed below 
have identified a dissociation between linguistic control and non-linguistic control and 
have done so using linguistic and non-linguistic tasks that tap resistance to proactive 
interference.  
 
3.2 No overlap between mechanisms of language control and cognitive control 
Recent studies that explore the ability of highly proficient, balanced bilinguals 
performing linguistic control and non-linguistic control tasks have found that the control 
of the two systems may not interact as strongly as the findings that the aforementioned 
studies demonstrated (Calabria et al. 2012; 2013; Weissberger et al. 2012).  For instance, 
in two studies, Calabria et al. (2012; 2013) asked bilinguals to complete two tasks that 
targeted resistance to proactive interference: a non-linguistic, cued color-shape sorting 
task and a linguistic, cued picture naming task.  Both tasks presented stimuli in mixed 
blocks only.  In the 2012 study, participants consisted of highly proficient Catalan-
Spanish bilingual participants who also demonstrated low proficiency in L3 English.  
Results showed symmetrical switch costs for the linguistic task but asymmetrical switch 
costs for the non-linguistic task, revealing a dissociation between the mechanisms of 
language control and cognitive control.  In the 2013 study, participants consisted of early 
and highly proficient Catalan-Spanish bilinguals who were categorized as young (M = 20 
years of age), middle aged (M = 45 years of age) and old aged (M = 70 years of age). 
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Findings revealed age related change only on the non-linguistic task, indicating a 
dissociation between linguistic control and non-linguistic control which is suggestive of 
domain specific cognitive control.  In an additional analysis, no correlation between the 
magnitudes of the switch costs for the non-linguistic and linguistic task were identified 
which provides further evidence for the dissociation between the two systems.   
In another study that offers evidence in support of the dissociation between the 
mechanisms that underlie language control and cognitive control, a homogenous group of 
bilinguals performed non-linguistic and linguistic task-switching tasks.  In this aging 
study, Weissberger et al. (2012) examined the performance of bilinguals on linguistic and 
non-linguistic tasks (color/shape sorting and cued digit naming) presented in single- and 
mixed-task blocks. Participants included proficient and relatively balanced younger (M = 
20 years of age) and older (M = 75 years of age) Spanish-English bilinguals.  Although 
effects of aging were associated with both tasks, the effects identified were not the same 
across tasks.  Results revealed more robust age related switching and mixing costs 
associated with the non-linguistic task relative to the linguistic task, findings that partially 
align with results from Calabria et al. (2013).    Most interestingly, all participants in the 
Weissberger et al. (2012) study completed the linguistic task yet a small group of older 
participants were not able to perform the non-linguistic task.  Overall, results suggest a 
dissociation between the mechanisms that interact with language control and cognitive 
control.  These results are indicative of domain specific cognitive control.   
The findings from Calabria et al. (2012; 2013) and Weissberger et al. (2012) 
studies provide evidence for a dissociation between the mechanisms of linguistic control 
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and non-linguistic control.  Upon the completion of tasks that tap resistance to proactive 
interference in these two contexts, outcomes instantiated different effects of mechanisms 
of linguistic and non-linguistic control.  Based on these studies, it appears that bilinguals 
are better able to maintain linguistic control when tasks increase with difficulty or as age 
increases, whereas non-linguistic control does not show the same preservation.  It is 
worth pointing out that one consistency throughout this group of studies is that they all 
used task-switching paradigms that overlapped in format (i.e., color/shape or 
alphanumeric categorization and picture or digit naming).  Therefore, with the current 
results, it can only be said that there is a dissociation between mechanisms involved in 
language control and cognitive control when participants complete these task-switching 
tasks that are relatively similar in their basic structure.   
 
3.3 Partial overlap between mechanisms of linguistic control and non-linguistic control 
Now we turn to a small group of studies that have revealed an association as well 
as a dissociation between mechanisms of linguistic control and non-linguistic control 
within the same data set.  In 2012, Linck et al. conducted a study that explored the 
relationship between performance on the non-linguistic Simon task that taps prepotent 
response inhibition and a linguistic cued picture naming task that taps resistance to 
proactive interference.  Participants included young trilinguals (M = 21 years of age) 
enrolled in advanced French (L2) and intermediate Spanish (L3) language courses. 
English was L1, age of acquisition (AoA) for L2 was 7 years of age and AoA for L3 was 
by 17 years of age.  The participants were asked to complete a traditional Simon task and 
 36 
 
a cued picture naming task in L1, L2, and L3 that included 10 Snodgrass and Vanderwart 
(1980) drawings.  Trials consisted of switch and non-switch responses.  For analysis, the 
Simon effect (i.e., the difference between incongruent RTs and congruent RTs) was 
compared to the linguistic switch cost (i.e., the RT difference between switch and non-
switch trials).  The results were twofold.  A smaller Simon effect was associated with 
smaller switch costs for switching into or out of L1.  This suggests a direct link between 
language control and cognitive control, which provides evidence of domain general 
cognitive control.  In contrast, no association between the Simon effect and switching 
into L2 or L3 was identified; although, L2 was clearly more dominant than L3, and this 
should theoretically influence switch cost efficiency.  Thus, the lack of association 
between the Simon effect and the measure of control for L2 and L3 provides evidence of 
domain specific cognitive control.  This meticulously designed study raises more 
questions about linguistic control and the role of inhibition, especially in relation to 
proficiency levels.  Perhaps different results would have been observed if the participants 
were highly balanced in all three languages.  Previous work has shown that trilinguals 
who are highly proficient and balanced in L1 and L2 seem to show a benefit in L3 
control, even if L3 is at a lower level of proficiency (Costa et al., 2006).  However, in the 
Linck et al. (2012) study, the group of homogenous trilinguals exhibited different levels 
of language proficiency across all languages, but the association between the Simon 
effect and language task switch costs did not reflect the variation in language skill.  
Perhaps these results speak to the mechanisms of the linguistic control system or maybe 
they reflect the interaction between mechanisms of linguistic and non-linguistic control.  
 37 
 
 In another study, Gollan et al. (2011) investigated the effects of aging on 
linguistic control and non-linguistic control as indexed by verbal fluency (semantic or 
letter category generation in L1 and L2) and the flanker task. Participant groups consisted 
of highly balanced and proficient Spanish-English bilinguals who were young (M = 20 
year of age) and old (M = 77 years of age). Results were twofold.  More age related errors 
were associated with the flanker task compared to the verbal fluency task, which suggests 
a dissociation between linguistic and non-linguistic control.  However, there was a strong 
correlation between flanker task errors and verbal fluency intrusion errors, which 
suggests some sort of an association between language control and cognitive control.  In 
sum, these results indicate a mixed effect indicative of a partial overlap between 
linguistic and non-linguistic control. 
In the final study that reveals a partial overlap between linguistic and non-
linguistic control, Magezi et al. (2012) used behavioral measures and ERP methodology 
to investigate a group of heterogeneous bilinguals performance on cued alphanumeric 
categorization and picture naming in single- and mixed-task blocks.  Behavioral data 
analysis revealed a greater mixing cost in the non-linguistic task relative to the linguistic 
task with no correlation between mixing costs in either domain.  ERP data revealed that 
language selection and task selection do not reflect the same brain activity patterns.  Both 
results suggest independent relationships between linguistic and non-linguistic control 
mechanisms. In contrast, source estimation showed overlapping brain regions for non-
linguistic control and linguistic control. The combined results of this study suggest a 
partial dissociation between mechanisms of linguistic control and non-linguistic control. 
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 The studies discussed in this chapter include healthy bilinguals performing a 
variety of linguistic and non-linguistic tasks that tap the three types of inhibition 
presented in Friedman and Miyake’s Model of Inhibition.  After reviewing this body of 
literature, it is apparent that task type (i.e., linguistic and non-linguistic), as well as 
consistency of inhibition type across tasks are two important variables that must be 
controlled.  For instance, the studies that revealed domain specific cognitive control 
employed linguistic and non-linguistic tasks that tapped resistance to proactive 
interference.    In contrast, the studies that revealed domain general cognitive control 
employed non-linguistic tasks that tap prepotent response inhibition, resistance to 
distractor interference and resistance to proactive interference, which lends more 
credence to the findings than using just one type of inhibition.  However, these studies 
used language questionnaires for the linguistic component, whereas linguistic 
experimental paradigms would have offered more conclusive findings.  Finally, the 
studies that revealed partial overlap between language control and cognitive control 
employed both linguistic and non-linguistic tasks that tap prepotent response inhibition 
and resistance to distractor interference, thus indicating that this issue is more complex 
than it appears to be.  Therefore, due to the inconsistencies across studies, a more 
desirable experimental design should employ linguistic and non-linguistic tasks that tap 
the same type of inhibition.  This experimental structure would permit a more meticulous 
comparison between language control and cognitive control.  Furthermore, it could be 
that task demands may influence the outcome.  Specifically, as task demands increase, it 
may be more difficult for participants to perform tasks that require linguistic and/or non-
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linguistic control.  Therefore, future studies should also incorporate tasks that tap the 
same type of inhibition in linguistic and non-linguistic contexts as the tasks vary by task 
demand (i.e., low task demand and high task demand). 
In sum, it is apparent that the results are mixed and provoke further investigations 
that explore the interaction of the mechanisms underlying language control and cognitive 
control.  In the following chapter we will discuss the investigations based on patient 
research that offer another angle to explore and examine this interaction of control in the 
non-linguistic and linguistic domains. 
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CHAPTER FOUR 
THE NATURE OF LANGUAGE IMPAIRMENT IN BILINGUAL APHASIA 
 Aphasia is an acquired language impairment subsequent to neurological injury to 
the brain (Chapey, 2001).  When aphasia is present in a bilingual context, it is called 
bilingual aphasia, and only in the past few decades has research in this field started to 
flourish.   In this chapter we provide an overview of the studies that have examined 
linguistic processing in bilingual aphasia.  Because of the dynamic nature that is an 
inherent component of bilingualism and aphasia, the results of patient studies that focus 
on bilingual aphasia can offer a wide variety of findings.  That said, trends can be 
observed and meaningful interpretations can be made by examining different levels of 
language impairment in this population. 
 
4.1 Lexical access and retrieval 
 Few studies have investigated lexical access and retrieval in bilingual aphasia 
(e.g., Gray & Kiran, 2013; Kiran & Tuchtenhagen, 2005; Kiran, Balachandran, & Lucas, 
2014; Muñoz & Marquardt, 2003; Roberts & Deslauriers, 1999).  This direction of 
research is invaluable because it furthers our understanding on how language is 
processed.  In 1999, Roberts and Deslauriers evaluated the performance of bilingual 
adults with aphasia on a picture naming task that included cognate and non-cognate 
nouns.  Results revealed that cognates were named with more accuracy than non-
cognates.  Additionally, error types were similar to those found in the monolingual 
aphasia literature, suggesting that the lexical breakdown in bilingual aphasia is similar to 
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monolingual aphasia.   
 Other studies that investigate lexical access and retrieval in bilingual aphasia have 
focused on predicting post-stroke language presentation. Muñoz and Marquardt (2003) 
examined the relationship between pre-stroke language experience and post-stroke 
language skill in four Spanish-English bilingual patients with aphasia.  By using pre-
stroke language experience as a guideline, the authors aimed to predict post-stroke 
language. Three patterns in post-stroke language performance were identified. For two 
patients, post-stroke language difference correlated with pre-stroke skill.  For one patient, 
pre-stroke English skill was greater than Spanish but this pattern of proficiency did not 
carry over to post-stroke language skill. The final patient was a balanced bilingual before 
his stroke; however, for post-stroke language skill, he scored higher in English than 
Spanish for the expressive language task but higher in Spanish than English for the 
receptive language task.  These outcomes indicate that pre-stroke language experience is 
an essential part of evaluating language deficits in bilingual aphasia. 
 In 2005, Kiran and Tuchtenhagen evaluated imageability effects in the 
performance of 15 healthy Spanish-English bilingual adults and one Spanish-English 
bilingual adult with aphasia on a naming to definition task (phonological level) and a 
semantic priming task (semantic/conceptual level).  Results revealed that although the 
healthy participants exhibited the concreteness effect on both tasks, the patient 
demonstrated the concreteness effect only on the naming to definition task.  Specifically, 
the patient was able to retrieve the concrete words because they offered ample contextual 
information, which facilitated lexical retrieval, whereas the patient was unable to retrieve 
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any abstract words because they offered much less contextual information, thus providing 
no facilitation to retrieve lexical items.  These results suggest that the patient exhibited a 
breakdown in bilingual language processing specific to lexical retrieval impairment.   
 A similar group, Kiran et al. (2014), examined the performance of 12 healthy 
Spanish-English bilingual adults and 10 Spanish-English bilingual adults with aphasia on 
two picture naming tasks and a verbal fluency task (i.e., a category generation task 
consisting of three semantic categories).  Language breakdowns in bilingual adults with 
aphasia were identified, yet the underlying mechanisms of bilingual language processing 
were preserved.  Specifically, findings revealed that although healthy bilingual adults 
outperformed bilingual adults with aphasia (i.e., higher naming accuracies and generating 
more words in the word fluency task), both groups were observed to make similar types 
of errors on naming tasks (e.g., circumlocutions) in the target and non-target languages, 
and clustering strategies on verbal fluency tasks were similar across groups. These results 
indicate that although bilingual patients with aphasia exhibit lexical retrieval deficits, the 
underlying mechanism supporting lexical retrieval on naming tasks for bilingual patients 
with aphasia still mirrors bilingual language processing utilized by healthy bilinguals.   
  In 2013, Gray and Kiran evaluated the patterns of lexical and semantic deficits in 
19 Spanish-English bilingual adults with aphasia.  This study was the first of its kind to 
include numerous patients and use their data to identify patterns of lexical and semantic 
processing deficits between two languages. The authors also conceptualized a framework 
of bilingual language processing that integrates specific levels of language processing 
(e.g., comprehension, expression, non-linguistic semantics, translation), and this 
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framework was validated by using the patient data from standardized measures of 
diagnostic testing in Spanish and English.  Overall, results from this study indicate that 
patterns in language deficits do arise and can offer meaningful interpretations of how 
bilingual language processing in patients can be explained. 
 These studies employ various approaches to investigate lexical access in bilingual 
aphasia.  Some of them identify trends in the patient data while others compare the 
processing mechanisms employed by individuals with or without brain damage. The 
effects speak to a variety of outcomes associated with word type, the relationship 
between errors produced by patient group and controls, and that patterns can be identified 
in the patient data.  Furthermore, even though specific links to linguistic control 
mechanisms have not been the direct focus of this research, language control impairment 
has the potential to underlie the deficits that emerge in the data.  For example, Muñoz and 
Marquardt (2003) discuss patients that lost more lexical access in one language relative to 
the other. This can be attributed to loss of lexical representation and/or language control 
impairment.  Relevant to the current project is that proficiency and prior knowledge of 
the language drives language processing in bilingual aphasia, and language impairment 
can override language control.  Therefore, it can be quite challenging to differentiate 
between deficits in lexical access versus deficits in language control.  To that end, when 
working with this population, receptive language tasks can be completed with more 
reliability compared to expressive language tasks.   In other words, if an individual with 
bilingual aphasia cannot perform an expressive language task, it is unclear if that error 
can be attributed to deficits in lexical access or deficits in language control. 
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4.2 Grammatical category and morphological studies 
 A group of studies has explored grammatical category and morphological 
performance of nouns and verbs across a variety of language combinations.  Generally, 
studies show an association between grammatical categories across languages (e.g., 
poorer performance in naming verbs relative to naming nouns is found across languages), 
suggesting that languages share grammatical class information (Almagro et al., 2003; de 
Diego Balaguer et al., 2004; Faroqi-Shah & Waked, 2010; Kambanaros & van 
Steenbrugge, 2006; Kambanaros, 2010; Kambanaros, Messinis & Anyfantis, 2012; 
Hernandez et al., 2008).  Although a dissociation between grammatical categories across 
languages has also been documented. For example, Ruiz and Ansaldo (1990) reported on 
a Spanish-English bilingual who named Spanish nouns with more accuracy than Spanish 
verbs, but English nouns were named with less accuracy than English verbs.  For a partial 
review of grammatical category and morphological studies see Miozzo, Costa, 
Hernandez, and Rapp (2010).     
 In sum, although these findings that explore grammatical category and 
morphological presentations in relation to bilingual aphasia may primarily contribute to 
knowledge regarding the processing of lexical representations across languages, the 
dissociation of grammatical categories across languages may also be indicative of 
impaired lexical access, which may provide evidence of language control deficits.  
Nevertheless, a stronger focus that investigates the relationship between categorical 
deficits and inhibitory control is warranted. 
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4.3 Dyslexia and dysgraphia 
 In the past decade, an increasing number of studies have explored acquired 
dyslexia and dysgraphia in bilinguals subsequent to stroke or traumatic brain injury (e.g., 
Dai, Kong, & Weekes, 2012; Eng & Obler, 2002; Garcia-Caballero et al., 2007; 
Kambanaros & Weekes, 2013; Raman & Weekes, 2005; Weekes & Raman, 2008). This 
body of research consists of language combinations that differ on many components of 
language (e.g., orthographical-to-phonological transparency vs. opaqueness or 
morphological complexity) as well as language scripts that are alphabetic and non-
alphabetic.  Many factors can affect how acquired dyslexia and dysgraphia manifest 
themselves.  For example, acquired dyslexia can exhibit differential impairments in two 
languages that share an alphabetic script but differ on transparency.  However, selective 
dyslexia in only one of two alphabetic languages that overlap significantly has also been 
documented (e.g., Garcia-Caballero et al., 2007).  Many studies have also revealed that 
although more reading and writing errors can be present in L2 relative to L1, that is not 
always the case (e.g., Ibrahim, 2008; 2009).  Additionally, differential dyslexia and 
dysgraphia has been reported in biscriptal bilinguals. For instance, Raman and Weekes 
(2005a; 2005b) reported on a Turkish-English bilingual who presented with surface 
dyslexia in English and deep dysgraphia in Turkish and English secondary to a 
cerebrovascular accident.  The authors suggest that the patient’s dyslexia may be 
attributed to under activation of phonological representations in both Turkish and 
English; although, due to the different characteristics across the two scripts, the dyslexia 
manifests with different presentation in the two languages.  It is unclear why 
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phonological representations would be under activated but it may be indicative of an 
impairment of control.  In sum, language status (L1 vs. L2) and language type (alphabetic 
vs. non-alphabetic) do not completely predict impairment or recovery patterns in dyslexia 
or dysgraphia and issues of control may play some role in how these deficits manifest. 
 The studies reviewed in this chapter investigate language impairment at specific 
levels. They explore language structure and combination as well as how breakdown in 
lexical access presents in bilingual aphasia.  These issues impact how we understand 
language impairment, but they do not necessarily look at language control. Lexical access 
is different than language control; however, these two processes are intertwined such that 
lexical access has the potential to override language control and language control has the 
potential to override lexical access.  Pertinent to this project is that we isolate these two 
aspects of language processing as much as possible.   In order to do this, we take great 
care when designing our methodology.  This will be discussed in more detail in Chapter 
7.   In the next chapter we take a closer look at how language control presents in bilingual 
aphasia and how research explores this fundamental facet of bilingual aphasia. 
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CHAPTER FIVE 
THE ROLE OF CONTROL IN BILINGUAL APHASIA  
 Language control deficits in bilingual aphasia can give rise to a variety of 
language impairment issues.  In the first half of this chapter we discuss the explicit 
presentations indicative of language control such as recovery and impairment patterns 
and pathological switching and mixing.  In the latter portion of the chapter we discuss 
treatment studies that vary on a wide array of treatment goals and procedures but have a 
common thread in which they produce outcomes that are indicative of language control 
issues. 
 
5.1 Impairment and recovery patterns  
 Paradis (2004) proposed specific types of impairment and recovery patterns that 
profile patient language skills.   Impairment patterns account for post-stroke presentation 
of language skill in relation to pre-stroke language skill.  Recovery patterns account for 
language skill from the point of stroke and onward.  Parallel impairment describes a 
profile where the patient has lost equal amounts of language in L1 and L2. Differential 
impairment describes a profile where the patient has lost more skill in one language 
relative to the other.  In order to describe an impairment pattern it is essential to have 
information that pertains to a patient’s pre-stroke language proficiency; otherwise, it is 
impossible to make a judgment on how much language a person lost after having a 
stroke.  In contrast, recovery patterns track the progress of language improvement from 
the point of stroke onwards.  Specifically, parallel recovery describes a pattern where the 
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patient makes equal gains on both languages, whereas differential recovery describes a 
pattern where the patient makes more improvement on one language relative to the other.  
Antagonistic recovery describes a pattern where as one language resolves, the other does 
not, but then as that resolved language loses skill, the unresolved language begins to 
improve.  Alternating antagonism is used to describe two languages that alternate in their 
recovery.  Selective recovery describes a pattern where one language resolves and the 
other remains impaired. Successive recovery describes a pattern where first one language 
will resolve and then the other language resolves.  The last pattern is blended recovery 
where patients involuntarily mix and switch their languages (similar to pathological 
language switching and mixing that we will discuss in greater detail in section 5.2). See 
Table 4 for a description of impairment and recovery patterns. 
Table 4.  Impairment and recovery patterns.
Impairment Type Presentation Pattern
Parallel Equal language loss across both languages
Differential More language loss in one language relative to the other language
Recovery Type Presentation Pattern
Parallel Equal gains in both languages
Differential One language makes better improvement relative to the other language
Antagonistic One language resolves and the other does not, but as the resolved language
looses skill, the unresolved language begins to improve
Selective One language resolves and the other remains impaired
Successive One language resolves and then the other language resolves  
 Nonparallel recovery patterns (e.g., antagonistic, successive, or alternating) are 
explicitly related to control. For example, in antagonistic recovery, as the unresolved 
language begins to improve, the resolved language regresses, indicating impairment in 
the ability to regulate facilitation needed to access the target language and inhibition 
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needed to suppress the non-target language.  In order to select (i.e., speak or use) the 
target language, it must be activated while the non-target language is inhibited, thus 
avoiding interference (Green, 1998).  At first glance, parallel and differential impairment 
and recovery patterns may appear to be unrelated to language control.  One interpretation 
of these two types of patterns is that an individual has lost equal or different amounts of 
lexical representation. Another interpretation is that the individual appears to have lost 
different amounts of lexical access when in actuality this presentation is a function of 
language control impairment.  That said, based on empirical data, it has been 
hypothesized that individuals with parallel impairment may also present with various 
degrees of language and cognitive control deficits (Green et al., 2010), thus indicating 
some relationship between recovery patterns, control mechanisms and language 
representation. 
 Despite the documentation on impairment and recovery patterns, only one group 
has explored how these patterns can be identified and systematically categorized.  In 
2013, Gray and Kiran investigated the ability to group patients based on pre-stroke 
language proficiency and patterns of post-stroke language deficits. Participants included 
17 Spanish-English bilingual adults with aphasia.  This heterogeneous group included 
Spanish dominant and English dominant bilinguals who were simultaneous or sequential 
language learners characterized by high proficiency in both languages or high and low 
proficiency in their languages.  All participants were administered language use 
questionnaires and a standard battery of bilingual diagnostic tests.   Based on pre-stroke 
self-ratings and post-stroke diagnostic testing that evaluated comprehension and 
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expressive language deficits in both languages, two distinct patterns of language loss 
emerged from the data.  In the first group, ten patients were categorized as exhibiting 
parallel impairment patterns.  Specifically, four out of the ten had rated themselves as 
pre-stroke balanced bilinguals while six had rated themselves as pre-stroke unbalanced 
bilinguals.  In the second group, seven patients were categorized as exhibiting differential 
impairment patterns.  Similar to the first group, some were pre-stroke unbalanced 
bilinguals and others were pre-stroke balanced bilinguals.  Notably, the stronger pre-
stroke language is not indicative of impairment patterns and these groups are created 
across language-type (Spanish or English) and proficiency (balanced or unbalanced), thus 
providing evidence that impairment patterns are not subject to language-type or language 
proficiency.  Furthermore, it is interesting that patients who demonstrated balanced and 
unbalanced language skill before their stroke are categorized as having differential 
impairment.  This illustrates the point that language control may contribute to differential 
recovery patterns. For example, if a patient who was a balanced bilingual before the 
stroke and is diagnosed with differential impairment after the stroke, it may be that the 
patient lost more lexical access in one language relative to the other language or that the 
patient is experiencing language control deficits where he is unable to inhibit the stronger 
language in order to activate the weaker language.  
 Individuals with bilingual aphasia are subject to language control deficits.  
Because of the dynamic nature of bilingualism, the control mechanisms and the 
numerous factors that affect the interaction between control and language access can be 
challenging to explore and isolate.  Therefore, the ability to identify trends in patient data 
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is very compelling as it provides important information about language control and offers 
new insights into this diverse and enigmatic population. 
 
5.2 Pathological language switching and mixing 
 Another marker of bilingual aphasia that is indicative of language control deficits 
is pathological language switching and mixing. This type of language control deficit does 
not occur in all bilingual individuals with aphasia, yet it can present itself in certain cases. 
Language switching is the act of alternating languages across sentences (e.g., I want 
water. Tengo sed. [I am thirsty]), whereas language mixing is the incorporation of words 
from different languages in the same sentence (e.g., I want the hombre [man] to move.) 
(Adrover-Roig et al., 2011).  Language switching and mixing are acceptable means of 
communication provided the environment and pragmatic context is appropriate. For 
example, if both interlocutors understand Spanish and English, then mixing and/or 
switching those two languages is acceptable.  However, if one interlocutor only speaks 
English, then it would not be appropriate to use Spanish. Healthy bilinguals can easily 
control their languages and are able switch languages when the context deems it 
appropriate. In bilingual aphasia, it has been documented that patients can have problems 
controlling their two languages (Abutalebi, Miozzo, & Cappa, 2000; Aglioti & Fabbro, 
1993; Aglioti, Beltramello, Girardi, & Fabbro, 1996; Ansaldo & Marcotte, 2007; 
Ansaldo, Saidi, & Ruiz, 2000; Fabbro, Peru, & Skrap, 1997; Fabbro, Skrap, & Aglioti, 
2000; Goral et al., 2006; Keane & Kiran, under review;  for a review see Ansaldo, 
Marcotte, Scherer, & Raboyeau, 2008).  For instance, Fabbro et al. (2000) reported on a 
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56-year-old Friulian-Italian who would compulsively speak in Friulian when his 
conversation partner only spoke Italian. This patient was aware of his pathological 
switching impairment, and would spontaneous attempt to switch back into Friulian.   In 
another case study (Abutalebi et al., 2000), it was reported that after producing a word in 
the non-target language, the patient would apologize and attempt to find the word in the 
target language.   
 Similar to impairment and recovery patterns, pathological language switching and 
mixing can be attributed to increased language interference due to lack of inhibition 
and/or increased activation of one language.  Bilingual adults with aphasia may lack the 
ability to regulate these inhibitory processes (Green, 1986; 1998). Flow of activation or 
the ability to suppress the non-target language may be impaired and these deficits can 
manifest in pathological language switching or mixing.  
 
5.3 The nature of facilitation and interference in treatment 
 More specific to how inhibitory control mechanisms interrelate with bilingual 
language processing in bilingual aphasia, results of treatment studies provide evidence of 
language control mechanisms at work (i.e., effects of within- and between-language 
generalization).  The outcomes of these studies provide insights into how facilitation (i.e., 
positive effects of control) and interference (i.e., lack of control) might present when one 
or both languages are trained in therapy. As a group, the studies discussed in this section 
reveal a range of facilitation and interference patterns and offer compelling results that 
speak to the dynamic interplay between language inhibition and language control.  
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 Kiran et al. (2013) posit that to achieve within- and between-language 
generalization from language treatment, there must be a balance of language inhibition 
and language control.  Specifically, there must be 1) a positive mechanism of spreading 
activation from trained words and semantically related items in both languages and 2) 
positive mechanisms of inhibitory control consisting of strong inhibitory control from 
semantically related words and bilingual inhibitory control (i.e., no interference from the 
non-target language).  In the remaining section of this chapter we will discuss how the 
combination of these mechanisms effects generalization. 
 It has been documented that some treatment studies that explore within- and 
between-language generalization do not offer evidence in support of between-language 
generalization (e.g., Croft, Marshall, Pring, & Hardwick, 2011; Meinzer, Obleser, 
Flaisch, Eulitz, & Rockstroh, 2007), some studies do offer evidence in support of 
between-language generalization (e.g., Miertsch et al., 2009), and the majority of studies 
reveal that some patients show between-language generalization and other patients do not 
show between-language generalization (e.g., Edmonds & Kiran, 2006; Goral, Levy, & 
Kastl, 2010; Goral, Naghibolhosseini, & Connor, 2013; Goral, Rosas, Conner, Maul & 
Obler 2012; Hinckley, Galvez, Manasala-Eary, Bourji, & Carr, 2005;  Kiran & Roberts, 
2010; Kiran, Sandberg, Gray, Acenso, & Kester, 2013; Kohnert, 2004; Laganaro & 
Overton-Venet, 2001).  Effects of facilitation provide evidence that there is an interplay 
between facilitation and interference.  By training one language, trained words improve 
and untrained, translations also show improvement.  For this to occur, the effects of 
treatment block interference from the non-target language and strengthen facilitation to 
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the target language.  This balance enables within- and between-language generalization. 
For instance, Miller-Amberber (2011) reported on a single-case treatment study where 
PACE (Promoting Aphasics’ Communication Effectiveness, David & Wilcox, 1981) 
based treatment was administered in English along with a focus to develop functional 
phrases and vocabulary.  Before neurological insult, the patient was highly proficient in 
both languages (L1-French and L2-English).  During therapy, the clinicians observed L1 
word finding and syntactic interference.  The patient was encouraged to use the non-
target therapy language to access the target therapy language.  Results showed 
improvement was restricted to the language of therapy.  However, it could be that this 
patient never was able to properly inhibit the stronger, non-target language during 
therapy, and since she was encouraged to rely on the non-target language, the 
interference issues may have been exacerbated.  Therefore, it would make logical sense 
that between-language generalization was not achieved as a result of the type of therapy 
she received.   
 In the present context we are not able to offer an in depth discussion of the 
documented naming treatments as they are quite diverse (e.g., semantic vs. phonological; 
the various protocols they follow, etc.) and beyond the scope of this paper.  However, 
treatment study outcomes do reveal between-language generalization in bilingual patients 
with aphasia.  This provides evidence that language control can be harnessed in treatment 
and that patients with bilingual aphasia can demonstrate language control. 
 When studies do show positive effects of between-language generalization, some 
show this generalization to the weaker language when the stronger language is trained 
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(e.g., Goral et al., 2010; 2012; 2013).  However, other studies show the opposite effect 
where between-language generalization to the stronger language is observed when the 
weaker language is trained (e.g., Edmonds & Kiran, 2006; Kiran et al., 2013; Miertsch et 
al., 2009).  For example, Goral et al. (2010; 2012; 2013) used similar treatments across 
studies to investigate within- and between-language generalization.  Results revealed 
improvement to the trained language and between-language generalization only if the 
trained language was the stronger language. If the weaker language was trained, negative 
effects were observed on the untrained, stronger language.  Based on these findings, 
Goral hypothesizes that treating the weaker language can actually inhibit and impede the 
stronger language.   
 In contrast, in a semantic based Spanish-English naming treatment study, 
Edmonds and Kiran (2006) trained a set of words in either the patient’s weaker language 
or in the case of one balanced bilingual participant, in Spanish.  Results revealed that for 
the two English dominant patients who were trained in Spanish, English naming 
improved.  The balanced patient exhibited within- and between-language generalization.  
These results suggest that training the less dominant language or one language in a 
balanced bilingual can facilitate between-language generalization, indicating that the 
increased activation of trained items has a positive effect on increasing the activation of 
words in the other language.  In another study, Kiran et al. (2013) examined the evidence 
for within- and between-language generalization in a group of 17 Spanish-English 
bilingual patients. Treatment was administered in the weaker language and results 
revealed within- and between-language generalization that varied across patients. These 
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outcomes suggest that in order to achieve between-language generalization, a balance 
between facilitation and inhibition much be achieved.  Finally, Miertsch et al. (2009) 
administered a semantic-lexical treatment in a trilingual’s weakest language (L3).  
Results confirmed within-language improvement and between-language generalization to 
L2.  Between-language generalization to L1 was not observed; however, at pre-treatment 
testing, L1 was already at ceiling so improvement at a statistically significant level would 
have been difficult to observe.  These results provide evidence that treatment in one 
language increases facilitation in that language while suppressing the non-target 
language(s). Simultaneously, the treatment provides some level of activation to the non-
target language(s) because between-language generalization is observed in treatment 
outcomes.  
 In sum, between-language generalization suggests a positive interplay with 
inhibitory control such that the forces of inhibition and facilitation are working in 
tandem.   As this balance is achieved (the non-target language is inhibited and the target 
language is accessed), the non-target language is still receiving some level of activation, 
which results in between-language generalization.  It is important to note that patients are 
capable of having language control, and they show it in treatment studies.  That said, it is 
unclear why some patients show between-language generalization and others do not and 
why various studies provide evidence that training the weaker or stronger language offers 
between-language generalization. However, both types of results speak to the dynamic 
presence of inhibitory control and its effect on how two languages are managed in the 
bilingual brain of individuals with aphasia. 
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 In this chapter we discussed various ways in which language control can be 
observed in bilingual aphasia.  The literature has documented impairment and recovery 
patterns, pathological language switching and mixing, and treatment studies that result in 
within- and between-language generalization.  These types of studies illustrate how 
patients may have less access to L1 or L2 after a stroke, thereby capturing increased 
activation of one language or lack of inhibition of the other.  Nonetheless, the focus of 
language control in bilingual aphasia is still in its infancy and there is an ever-increasing 
demand for studies that address this issue.   
 Many questions regarding language control in bilingual aphasia have yet to be 
answered.  For instance, we still do not understand how two languages are managed and 
mismanaged.  Specifically, how do we separate lexical access from language control and 
how does language control function in the bilingual brain?  Furthermore, few studies 
have examined the role of language control and cognitive control in bilingual aphasia.   
 How language control impairment manifests itself in bilingual aphasia and the 
possible overlap between linguistic control and non-linguistic control has yet to be 
determined.  As discussed in Chapters 3, there is some sort of interaction between the 
mechanisms of linguistic control and non-linguistic control, but the extent of this 
interaction is unknown.  The exploration of these mechanisms in bilingual aphasia allows 
for a complementary look at how control issues may or may not be isolated across 
linguistic and non-linguistic domains.  In the next chapter we discuss the studies that 
have tackled non-linguistic control in bilingual aphasia.   
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CHAPTER SIX 
 
LINGUISTIC AND NON-LINGUISTIC CONTROL 
 
IN BILINGUAL ADULTS WITH APHASIA 
 
 Few studies have investigated cognitive control in bilingual aphasia (Dash & 
Kar, 2014; Gray & Kiran, 2015; Green et al., 2010; Verryt et al., 2013b).  Of these 
studies, Dash and Kar (2014), Green et al. (2010) and Verryt (2013b) are case reports, 
and Gray and Kiran (2015) employs a group design.  The studies ask neurologically 
healthy bilingual adults and bilingual adults with aphasia to complete tasks that require 
linguistic control and non-linguistic control in order to explore the possible dissociation 
between the two domains of control.  In this chapter we discuss their findings.  Some of 
the results are indicative of domain general cognitive control (i.e., findings suggest an 
association between linguistic control and non-linguistic control). In contrast, some of the 
results are indicative of domain specific cognitive control (i.e., findings suggest a 
dissociation between linguistic control and cognitive control). 
 
6.1 Green et al. (2010) 
 Green et al. (2010) asked 12 non-native bilingual and 14 monolingual 
neurologically healthy adults and two non-native English (French-English and Spanish-
English) bilingual adults with aphasia who exhibited parallel impairment and recovery 
patterns to perform three tasks that required control in linguistic and non-linguistic 
contexts.  The first linguistic task was a lexical decision task in English, and this task best 
relates to resistance to distractor interference.  Participants were instructed to decide if 
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stimuli items were words or non-words. The second linguistic task was the Stroop task in 
English as well as each bilingual participant’s L1, and the Stroop taps prepotent response 
inhibition. The non-linguistic control task was the flanker task, which taps resistance to 
distractor interference.   
 Results revealed that compared to healthy monolingual participants, healthy 
bilingual participants exhibited greater effects of interference on the lexical decision task 
and smaller effects of interference on the Stroop task, whereas no difference between the 
two control groups was observed on the flanker task. The first two findings were 
expected because (a) bilinguals simultaneously manage L1 and L2; therefore, L2 is 
speculated to interfere with L1 on the lexical decision task, and (b) bilinguals are 
experienced at managing the competing responses of L1 and L2 and this skill generalizes 
to tasks like the Stroop that require the inhibition of an automatic, linguistic based 
response.  For the third result, based on previous research (Costa, Hernández, & 
Sebastián-Gallés, 2008), it was expected that bilinguals would exhibit smaller effects of 
interference on the non-linguistic flanker task; however, the authors speculate that such 
results were not observed due to the small sample size.    
 Specific to the two patients, results diverged from each other and from the results 
exhibited by the neurologically healthy bilingual participants.  Patient 1’s (Pt 1) results 
are suggestive of domain specific cognitive control.  Relative to the healthy bilinguals, Pt 
1 exhibited abnormal effects of interference (for RT and accuracy) on the lexical decision 
task and English Stroop task, whereas effects of interference (for RT and accuracy) on 
the flanker task were in line with healthy bilinguals. In contrast, Patient 2’s (Pt 2) results 
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are suggestive of domain general cognitive control.  Relative to healthy bilinguals, Pt 2 
exhibited abnormal effects of interference (for accuracy only) on the lexical decision 
task, English Stroop task, and flanker task, whereas effects of interference (for RT and 
accuracy) for L1 Stroop and the flanker task (for RT only) were in line with healthy 
bilinguals. 
 In sum, although Pt 1 and Pt 2 are both diagnosed with parallel impairment, a 
dissociation and an association between linguistic control and non-linguistic control are 
observed in the data.  These results are fascinating because they scratch the surface of the 
dynamic relationship between types of control and how they present in bilingual aphasia.  
Furthermore, because the findings appear to support opposing viewpoints, these data are 
provocative and beg for more research to explore this topic.  
  
6.2 Verryt et al. (2013b) 
 Verryt et al. (2013b) reported on a French (L1) – Dutch (L2) bilingual adult with 
aphasia who presented with differential language impairment characterized by more 
severely impaired Dutch than French.  The study’s aim was to determine if differential 
language impairment is a reflection of executive control deficits or lexical access 
impairment.  Testing consisted of a lexical decision task and the flanker task, both of 
which tap resistance to distractor interference.  The lexical decision task included a 
generalized version (stimuli in French and Dutch) and a selective version (stimuli in 
French or Dutch), all containing cognates and non-cognates.   Participants were 
instructed to identify stimuli as a word or a non-word.  The generalized version is 
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expected to require less language control because both French and Dutch are potential 
targets, whereas the selective sets require more language control because a non-target 
language must be inhibited.  The flanker task consisted of congruent and incongruent 
trials.  
 Linguistic task results revealed that on the generalized lexical decision task, 
cognate facilitation (i.e., faster RTs on cognates relative to non-cognates) was observed.  
The authors argue that because cognates are associated with both languages, they receive 
more activation when the targets of the task include both French and Dutch words, and 
this is reflected in RTs.  On the selective French lexical decision task, results revealed no 
effect of cognate facilitation, suggesting no interference from the more impaired Dutch 
language.  In contrast, results from the selective Dutch lexical decision task revealed that 
cognates were identified with less accuracy than non-cognate Dutch words, suggesting 
that the less impaired French was exerting some level of interference on the ability of the 
patient to recall the cognates when the target language was only Dutch. 
To frame these outcomes within the constructs of language control, when the 
target stimuli consist of non-cognate words, there is less interference from the stronger 
language (French) on the weaker language (Dutch); however, when the target stimuli 
consist of cognate words, the stronger language creates more interference on the weaker 
language, resulting in decreased accuracy on cognates relative to non-cognates.  This 
outcome indicates that some level of inhibition is occurring.  Therefore, the results from 
these three linguistic tasks are indicative of impaired language control.  When these 
results are viewed in tandem with the non-linguistic flanker task results (impaired non-
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linguistic control), the outcome is suggestive of domain general cognitive control.   
 
6.3 Dash & Kar (2014) 
 In the next study, Dash and Kar (2014) investigated the mechanisms of linguistic 
and non-linguistic control by examining conflict resolution.  Specifically, they examined 
proactive and reactive control in linguistic and non-linguistic contexts.  Proactive control 
is concerned with anticipatory decision making and preparing for an upcoming event 
(i.e., it is future oriented), whereas reactive control is concerned with the ability to 
resolve interference after it occurs (i.e., it is retrospective).  In this study, four bilingual 
patients with aphasia were asked to complete three tasks that tap resistance to distractor 
interference: a linguistic flanker task consisting of letters, a non-linguistic flanker task, 
and a non-linguistic negative priming task that included a facilitative condition (i.e., the 
target was repeated in the subsequent trial), an inhibitory condition (the target had to be 
ignored in the subsequent trial) and a control condition.  Results revealed that all four 
patients demonstrated a preference for reactive control mechanisms.  However, patient 
performance varied on each task.  For instance, on the non-linguistic flanker, two patients 
employed both control mechanisms, one patient relied on reactive control and another 
relied on proactive control.  Another variation in performance was based on L1 vs L2.  
For example, one patient engaged proactive control when using L1 and reactive control 
when using L2.  To summarize, the findings point towards a dissociation between 
language control and cognitive control as evidenced by the variation of engaged control 
processes across tasks. 
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6.4 Gray and Kiran (2015)  
 The final study to be discussed uses a group design to investigate cognitive 
control in bilingual aphasia.   Gray and Kiran (2015) examined the performance of ten 
Spanish-English bilingual adults with aphasia (BAA) and 30 age matched Spanish-
English neurologically healthy bilingual adults (NHBA) on two tasks that tap resistance 
to distractor interference: the non-linguistic flanker task and a linguistic task developed 
specifically for their study.  An important aspect this study’s methodology was that the 
linguistic task employed receptive language, as opposed to expressive language.  Since 
individuals with bilingual aphasia can present with deficits in lexical access and deficits 
in language control, only receptive language tasks (as opposed to expressive language 
tasks) can isolate these two types of impairment. For the linguistic task, participants were 
presented with word-pairs that systematically varied by language (i.e., within- or 
between-language word-pairs) and semantic relationship (i.e., direct translation, 
semantically related or semantically unrelated).  Participants were instructed to respond 
with a button press that indicated ‘yes’ if the word-pair was semantically related or ‘no’ if 
the word-pair was not semantically related.  The goal of the task was to target language 
control.  Stimuli consisted of within-language word-pairs that were considered 
“congruent” and between-language word-pairs that were considered “incongruent”.  For 
results indicative of unimpaired linguistic control mechanisms, the authors expected to 
find the congruency effect where congruent conditions would evoke higher accuracy or 
faster RTs compared to the incongruent condition; however, for results indicative of 
impaired linguistic control mechanisms, no congruency effect would be observed.  This 
 64 
 
measure of the congruency effect was also used to identify impaired or unimpaired 
control in the non-linguistic flanker. 
 Results on the flanker task revealed that NHBA and BAA exhibited high 
accuracy on both congruent and incongruent conditions (see Figure 4) and that for RTs, 
NHBA and BAA exhibited the congruency effect (i.e., congruent RTs were significantly 
faster than incongruent RTs) (see Figure 5). These results indicate that NHBA and BAA 
do not exhibit impaired non-linguistic control.  
 
 
 
Figure 4. Flanker task accuracy results for NHBA and BAA. 
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 On the linguistic task, NHBA results revealed effects of semantic facilitation 
where direct translation was the fastest condition, the two semantically related conditions 
were next fastest and the unrelated conditions were the slowest (see Figure 6).  However, 
NHBA results did not reveal the congruency effect on the linguistic task.  This was a 
surprise because NHBA are healthy and should have shown effects of higher accuracy or 
shorter RTs on the facilitative (congruent) condition relative to the incongruent condition, 
which evokes more interference.  For BAA, group results were not significant, but visual 
inspection of the data revealed a variety of effects which ultimately suggest language 
control impairment. Specifically, some BAA were fastest on between language 
conditions and others were fastest on within language conditions while some BAA 
benefitted from semantic relationships and others did not, and the majority of BAA were 
slowest on the unrelated, within- and between-language conditions.   These results 
provide evidence for weak language boundaries such that some BAA actually show a 
Figure 5. Flanker task response time results for NHBA and BAA. 
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benefit from translating between languages. This is an unexpected result.  In the bilingual 
brain, both languages are simultaneously active so one language must be inhibited for the 
other to be accessed. Therefore, between-language word-pairs require more effort, which 
should evoke longer RTs relative to within-language word-pairs; however, for some BAA 
the between-language condition actually offered an advantage relative to the within-
language conditions.  In sum, these results indicate that BAA exhibit impaired language 
control.    
   
 
 
  
 In order to identify the possible dissociation between linguistic control and non-
linguistic control, the linguistic task results must be analyzed in tandem with the non-
linguistic task results.  Because the linguistic task did not evoke the congruency effect in 
the NHBA group, the authors hypothesized that the linguistic control task was not 
Note: Tr = direct translation; S = semantic; STr = semantic translation; Un 
= unrelated; UnTr = unrelated translation. 
 Figure 6. Linguistic task response time results for NHBA. 
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sensitive enough to tap linguistic control in NHBA.  Therefore the authors were unable to 
interpret the relationship between linguistic and non-linguistic control mechanisms for 
the NHBA group.  Regarding BAA, this group exhibited unimpaired non-linguistic 
control as evidenced by showing the congruency effect on the non-linguistic flanker task, 
but BAA exhibited impaired control on the linguistic task as evidenced by individual 
patient analysis, and the combination of these task results is indicative of domain specific 
cognitive control.   
The four studies discussed in this chapter represent the literature that explores 
cognitive control in bilingual aphasia.   One similarity across all of the studies is that they 
employ the flanker task (that taps resistance to distractor interference) to investigate 
cognitive control in the non-linguistic domain.  One distinction between the studies is that 
they use different tasks that measure different types of interference to explore control in 
the linguistic domain.  Dash and Kar (2014) administered a linguistic flanker task that 
employs resistance to distractor interference in which the distractors are presented 
visually alongside the target stimuli.  Green et al. (2010) administered the Stroop task that 
taps prepotent response inhibition.  In this task, the participant must inhibit the automatic 
reaction to read the word, rather than name the color of ink.  Verryt et al. (2013b) 
administered three versions of one lexical decision task that enabled the exploration of 
the interfering effect of the non-target language.  This task best relates to resistance to 
distractor interference.  Gray and Kiran (2015) administered a unique linguistic task that 
required participants to actively switch between languages or stay within languages. Like 
the Verryt et al. (2013b) linguistic task, this task best relates to resistance to distractor 
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interference.  One of the issues with the linguistic tasks administered by Gray and Kiran 
(2015) and Verryt et al. (2013b) is that the non-target (i.e., distracting) stimuli are not 
presented simultaneously alongside the target stimuli, as they are in the flanker task. 
Ideally, both linguistic and non-linguistic tasks tap the same type of inhibition without 
slight variations on how distracting stimuli are presented in the same visual field as the 
target stimuli or not in the same visual field as the target stimuli.  
 In order to systematically explore linguistic and non-linguistic control 
mechanisms in bilingual aphasia, future work should be meticulous when choosing 
linguistic and non-linguistic tasks so that they appropriately correspond to each other.  
For instance, because the non-target stimuli are presented alongside the target stimuli in 
the flanker task (i.e., resistance to distractor interference), the stimuli presentation in the 
linguistic task should mirror this design, similar to the Dash and Kar (2014) experimental 
task design.  Additionally, studies should include multiple linguistic and non-linguistic 
tasks that vary in task demand while still tapping the same type of inhibition.  This 
experimental design accounts for task complexity because it enables the investigation of 
participant performance on linguistic and non-linguistic control in low complexity and 
high complexity contexts, thus offering  more specific insight into how these control 
mechanisms are processing information.  Finally, future work should include multiple 
patients, which moves beyond single case studies and adds more weight to the results. All 
of these factors will make future findings more robust which will further our 
understanding of linguistic and non-linguistic control processing in bilingual aphasia.  
 In sum, the outcomes of the studies discussed in this chapter are somewhat 
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conflicting.  Dash and Kar (2014), Gray and Kiran (2015) and one patient from the Green 
et al. (2010) study provide evidence of domain specific cognitive control, whereas the 
case report by Verryt et al. (2013b) and the other patient from the Green et al. (2010) 
study provide evidence in support of domain general cognitive control.  These opposing 
findings stress the need for more in-depth, meticulously structured investigations that 
explore the relationship between language control and cognitive control in bilingual 
aphasia.  In the following chapter we present the proposed project that aims to 
systematically investigate the mechanisms of linguistic and non-linguistic control in 
bilingual aphasia by adopting the experimental paradigm improvements discussed here. 
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CHAPTER SEVEN 
RATIONALE AND MOTIVATION 
To summarize up to this point, the first chapter discussed the inherent nature of 
bilingual language access, the influence of relative proficiency, and the mechanism of 
control that ultimately allows the target language to be active.  In the second chapter we 
looked at different kinds of non-linguistic control mechanisms that are in place and have 
been studied in different kinds of higher-level cognitive studies.  A specific model 
proposed by Friedman and Miyake (2004) accounts for three types of interference that 
are identified in studies that explore linguistic control in bilingual populations.  In the 
third chapter, we examine how different types of interference have been studied in 
healthy bilingual language control studies.  Unfortunately they have been used 
heterogeneously, but fortunately there are ways to study resistance to distractor 
interference in both linguistic and non-linguistic control. In the fourth chapter, we 
reviewed the nature of impairment and lexical access in bilingual aphasia, although none 
of these studies looked at language control.  In the fifth chapter, we discussed how 
linguistic control emerges in bilingual aphasia, but these studies have primarily focused 
on the nature of facilitation and control in treatment studies.  In the sixth chapter, we 
reviewed four studies that investigate linguistic control and non-linguistic control in 
bilingual aphasia. Findings from these studies are in conflict such that half of them offer 
evidence in support of domain general cognitive control and the other half offer evidence 
in support of domain specific cognitive control.  To that end, these studies provide the 
foundation for the proposed study.  
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In order to explore control mechanisms in bilingual aphasia, a systematic 
investigation that includes multiple linguistic and non-linguistic control tasks that target 
one type of inhibition must be executed.  Additionally, a central aspect of extending and 
making a substantial contribution to the current literature on control mechanisms in 
bilingual aphasia is that future studies include more than just single-case reports.  Only 
one study to date has included multiple patients (Gray & Kiran, 2015), whereas the others 
follow a single-subject design (Dash & Kar, 2014; Green et al., 2010; Verryt et al., 
2013b). The intent of the proposed project is to extend our previous findings (Gray & 
Kiran, 2015) that explore the relationship between linguistic control and non-linguistic 
control in bilingual aphasia while incorporating multiple control tasks that tap resistance 
to distractor interference.  The results of our proposed study will provide groundbreaking 
information that furthers our understanding of how bilingual individuals with aphasia 
process control tasks based in linguistic and non-linguistic contexts.  To understand 
where these processes converge and diverge has strong implications on the foundation of 
speech therapy for bilingual adults with aphasia.  As a result, our findings will have a 
direct influence on the development of research studies that guide the advancement 
bilingual speech therapy.  Therefore, the long-term objective of this study is to broaden 
the platform for researchers who offer research backed treatment methods to speech 
language pathologists who work with this population.   
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7.1 The importance of the linguistic task design 
This study includes two linguistic and two non-linguistic control tasks.  Of 
particular importance is that the linguistic tasks require the use of receptive language 
rather than expressive language.  Our previous linguistic task (Gray & Kiran, 2015) 
utilized receptive language, but it was not strong enough to sufficiently tap the language 
control system in the healthy bilingual participants.  It could be that simply changing the 
linguistic task to utilize expressive language would increase the task’s difficulty.  
However, when studying language control in bilingual aphasia, it is imperative to make 
the distinction between lexical access impairment and language control impairment.  By 
using an expressive language task with this population, it is challenging and nearly 
impossible to isolate each type of impairment and identify which type is impacting 
patient performance.  For example, if a bilingual adult with aphasia needs to produce a 
word and the time needed to respond is longer than expected, it is difficult to attribute the 
lag time to impairment in language access or language control.  Consequently, the 
linguistic control tasks in this study employ the use of receptive language in order to best 
gleam interpretable data from the bilingual adults with aphasia.  Additionally, the task 
must be strong enough to capture language control processing in healthy bilinguals. 
As discussed in Chapter 6, previous studies that investigated control mechanisms 
in bilingual aphasia (Dash & Kar, 2014; Gray & Kiran, 2015; Green et al., 2010; Verryt 
et al., 2013b) have used various types of control (Friedman and Miyake, 2004) and 
results are conflicting.  Consequently, the specifics of how these types of control are 
processed in bilingual aphasia is still unknown and indicates studies should account for 
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the type of control employed by experimental tasks.  Therefore, in efforts to be as 
meticulous as possible, the tasks in the present study are specifically designed to tap 
resistance to distractor interference.  According to Friedman and Miyake (2004), tasks 
that tap resistance to distractor interference require active suppression of a competing 
trial (i.e., inhibition of non-target stimuli that is simultaneously presented with the target 
stimuli), and this is exactly what you would need when a bilingual is using one language; 
therefore, this type of control is appropriate for this project.   
Next, all tasks include congruent and incongruent conditions.  Congruent 
conditions facilitate a quick response or highly accurate response compared to 
incongruent conditions, which interfere with a quick or highly accurate response.  
Therefore, in order to evaluate the effects of non-linguistic cognitive control and 
linguistic control, we compare the congruent condition accuracy and RTs with the 
incongruent condition accuracy and RTs, in their respective linguistic tasks and non-
linguistic tasks.  We will examine the data for the congruency effect (i.e., greater 
accuracy or longer RTs on congruent conditions relative to incongruent conditions) 
which is indicative of unimpaired linguistic or non-linguistic control, depending on the 
domain being tested.  In contrast, lack of the congruency effect is indicative of impaired 
linguistic or non-linguistic control, depending on the domain being tested. 
Finally, the tasks are systematically designed to increase in complexity.  
Specifically, four tasks are employed in this study and they are matched on low and high 
levels of complexity.  The two low level complexity tasks consist of a non-linguistic 
flanker task (NL-Flanker) and a linguistic flanker task (L-Flanker).  In the NL-Flanker 
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task, flanking, non-target arrows must be inhibited in order to respond to the target arrow.  
In the L-Flanker task, flanking, non-target words must be inhibited in order to identify the 
language of the target word.  The two high-level complexity tasks consist of a non-
linguistic triad task (NL-Triad) and a linguistic triad task (L-Triad).  In the NL-Triad task, 
non-target shape or color stimuli must be suppressed in order to respond to the target 
shape or color stimuli.  In the L-Triad task, the non-target word must be inhibited in order 
to identify the target word.   To perform the NL-Flanker, the direction of the target arrow 
must be processed and this is less information to manage relative to the NL-Triad where 
both color and shape information must be processed.  To perform the L-Flanker, the 
language of the target word must be identified and this is less information to manage 
relative to the L-Triad where a word must be identified based on its semantic relationship 
to the given word.  This complexity hierarchy will allow us to account for how 
mechanisms of control may function differently when processing tasks that require low-
complexity vs. tasks that require high-complexity.   
 
7.2 Specific aims 
The purpose of this study is to examine the mechanisms of linguistic control and 
non-linguistic control in bilingual aphasia and explore the possible overlap of these 
mechanisms. Therefore, we investigate the performance of neurologically healthy 
bilingual adults (NHBA) and bilingual adults with aphasia (BAA) on linguistic tasks and 
non-linguistic tasks that both require the inhibition of irrelevant information.  
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Specific Aim 1a: What is the evidence for domain general cognitive control or domain 
specific cognitive control processing as reflected by congruency effects on linguistic and 
non-linguistic tasks that are presented in terms of low and high complexity in NHBA? 
We will examine four tasks: two non-linguistic tasks and two linguistic tasks. The NL-
Flanker task requires inhibition (i.e., control) of non-linguistic stimuli and has been 
shown to evoke congruency effects (i.e., positive effects of control reflected in faster RTs 
on congruent conditions relative to incongruent conditions) in healthy adults (Gray & 
Kiran, 2015; Green et al., 2010; Gollan et al., 2011).  The NL-Triad task has not yet been 
studied in healthy adults; however, because it requires inhibition and uses congruent and 
incongruent constructs similar to the NL-Flanker task, we expect that it will evoke the 
congruency effect in NHBA.  The two linguistic control tasks in our study have not been 
previously investigated, but because the designs include congruent and incongruent 
conditions and systematically control for the increased demands of language control (i.e., 
incongruent conditions require more language control effort relative to congruent 
conditions) and because previous studies that have explored language control have 
revealed that NHBA exhibit the congruency effect in linguistic contexts (Green et al., 
2000; Bialystok et al., 2004), we expect to find congruency effects in NHBA.   
Therefore, if NHBA show congruency effects or no congruency effects on both 
the non-linguistic and linguistic tasks, this provides evidence for domain general 
cognitive control. In contrast, if NHBA exhibit congruency effects in one domain (e.g., 
non-linguistic) and no congruency effects in another domain (e.g., linguistic) or vice 
versa, this provides evidence of domain specific cognitive control.   Finally, to address 
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the influence of task complexity, if NHBA show congruency effects on the low 
complexity tasks but not on the high complexity tasks (or vice versa), this will be 
indicative of domain general cognitive control.  See Table 5 for potential outcomes. 
   X    X    X
   X    X  X  
   X  X      X
   X  X    X  
Task
Domain 
General 
Cognitive 
Control
Domain 
Specific 
Cognitive 
Control
Potential Outcomes
Note: The congruency effect is notated by a  ; no congruency effect is notated by an 
X.   
Table 5. Potential outcomes for NHBA and BAA.
Non-linguistic Flanker
Non-linguistic Triad
Linguistic Flanker
Linguistic Triad
Effects of 
Task 
Complexity
 
 
Specific Aim 1b:  
What is the evidence for domain general cognitive control or domain specific cognitive 
control processing as reflected by congruency effects on linguistic and non-linguistic 
tasks that are presented in terms of low and high complexity in BAA? 
The same experimental design will be implemented in BAA.  Limited research has 
explored this topic of non-linguistic and linguistic control in BAA.  Specifically, the few 
studies that have explored BAA performance on the NL-Flanker task have revealed 
mixed results where BAA have either exhibited the congruency effect or no effect of 
congruency (Dash & Kar, 2014; Gray & Kiran, 2015; Green et al., 2010; Verryt et al., 
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2013b).  The NL-Triad task has not yet been studied in BAA; however, because it uses 
congruent and incongruent constructs similar to the NL-Flanker task, we expect that it 
may evoke the congruency effect in BAA.  Studies that have investigated BAA 
performance on linguistic tasks that require language control have shown that some 
patients do not show the congruency effect (Gray & Kiran, 2015; Green et al., 2010).  
Based on previous research, we expect that BAA will be more vulnerable to incongruent 
conditions in which case they may not show congruency effects.   
Therefore, if BAA exhibit congruency effects or no congruency effects on both 
the non-linguistic and linguistic tasks, this provides evidence for domain general 
cognitive control.  However, if BAA exhibit congruency effects in one domain (e.g., non-
linguistic) and no congruency effects in another domain (e.g., linguistic) or vice versa, 
this provides evidence for domain specific cognitive control.   Finally, to address the 
influence of task complexity, if BAA exhibit congruency effects on both the low 
complexity tasks but not on both the high complexity tasks (or vice versa), this will be 
indicative of domain general cognitive control. These results will also reveal differential 
effects of task complexity.  See Table 5 for potential outcomes. 
  
Specific Aim 2a: What are the profiles of conflict across the four tasks as determined by 
conflict ratios in NHBA? 
Conflict ratios capture the magnitude of conflict between congruent and incongruent 
conditions when a participant is completing each task.  We hypothesize that similar 
magnitudes of conflict on linguistic and non-linguistic tasks suggest that inhibiting 
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incongruent conditions in a linguistic task is as challenging as inhibiting incongruent 
conditions in a non-linguistic task.  Alternatively, if the control processing on congruent 
and incongruent conditions in a linguistic and non-linguistic context is not uniform, then 
we might expect to see difference in magnitude of conflict for linguistic and non-
linguistic tasks. 
 
Specific Aim 2b: What are the profiles of conflict across the four tasks as determined by 
conflict ratios in BAA? 
For the BAA, we hypothesized that similar magnitudes of conflict on linguistic and non-
linguistic tasks would suggest that inhibiting incongruent conditions in a linguistic task is 
as challenging as inhibiting incongruent conditions in a non-linguistic task.  
Alternatively, if the control processing on congruent and incongruent conditions in a 
linguistic and non-linguistic context is not uniform, then we might expect to see 
difference in magnitude of conflict for linguistic and non-linguistic tasks. 
 
7.3 Methods 
  7.3.1 Participants 
Twenty NHBA (6 males) ranging in age from 30 – 75 (M = 48, SD = 13) and 
thirteen BAA (7 males) ranging in age from 31 – 65 (M = 49, SD = 12) participated in 
this study (see Table 6 for NHBA demographic information and Table 7 for BAA 
demographic information).  Eighteen NHBA and ten BAA were recruited from the 
Boston, MA area, three BAA were recruited from the Austin, TX area, and the remaining 
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2 NHBA were recruited from the San Francisco, CA area.  NHBA and BAA were 
matched on age (t (31) = .25, p < .05) and education (t(31) = -.12, p < .05).  NHBA did 
not exhibit neurological, cognitive and/or psychological impairment.  All BAA were at 
least 12 months post onset from a cerebrovascular accident, except two who had gunshot 
wounds.  All participants were right handed, and according to the Boston University 
Human Subjects Protocol gave informed consent prior to participation in the study. 
 
Table 6. NHBA demographic information. 
Participant Age Sex 
Education 
(years) 
NHBA1 64 F 17 
NHBA2 64 M 14 
NHBA3 66 M 24 
NHBA4 49 M 10 
NHBA5 51 F 19 
NHBA6 39 F 19 
NHBA7 31 F 17 
NHBA8 40 F 18 
NHBA9 30 F 16 
NHBA10 31 M 12 
NHBA11 52 M 6 
NHBA12 53 F 10 
NHBA13 51 F 16 
NHBA14 47 F 12 
NHBA15 31 F 18 
NHBA16 75 F 12 
NHBA17 40 F 14 
NHBA18 66 M 12 
NHBA19 35 F 18 
NHBA20 40 F  18 
Note: NHBA = neurologically healthy 
bilingual adult. 
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Table 7. BAA demographic information.   
Participant Age Sex 
Education 
(years) 
MPO 
BAA1 59 M 14 151 
BAA2 64 F 12 152 
BAA3 58 F 15 125 
BAA4 36 M 12 226 
BAA5 65 F 12 56 
BAA6 54 M 12 60 
BAA7 31 M 13 42 
BAA8 33 M 24 12 
BAA9 29 M 12 49 
BAA10 51 F 12 60 
BAA11 55 M 24 14 
BAA12 49 F 16 12 
BAA13 52 F 16 58 
Note: BAA = bilingual adults with aphasia, MPO = 
months post onset. 
 
 
7.3.2 Testing 
 NHBA and BAA filled out a participant or patient history form and completed the 
Language Use Questionnaire (LUQ: Kiran, Peña, Bedore & Sheng, 2010) with a licensed 
speech language pathologist or trained student clinician.  The LUQ asks specific 
questions about: (a) age of acquisition for L1 and L2; (b) number of years of lifetime 
exposure for hearing, speaking, and reading L1 and L2; (c) confidence for hearing, 
speaking, and reading L1 and L2; (d) current exposure that includes an hour by hour 
account of language(s) spoken and heard by participant during his/her daily routine 
(weekday/weekend) (for BAA this includes a separate rating for pre- and post-stroke 
language exposure); (e) language proficiency of first degree family members; (f) 
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language of education history, specifically, languages spoken and preferred by 
participant and other students in elementary school, high school, and college 
environments; and (g) language ability rating (LAR) for L1 and L2  including overall 
ability, speaking in casual conversations, listening in casual conversations, speaking in 
formal situations, listening in formal situations, and reading and writing using a 5 point 
scale where 1 represents non-fluent skills (e.g., speaking at the single word level) and 5 
represents native or near native-fluency (for BAA, LAR data was collected for pre-stroke 
language skill).  See Appendix 1 for an LUQ designed for NHBA. 
Based on the LUQ, 5 NHBA and 2 BAA were native English speakers, 13 NHBA 
and 9 BAA were native Spanish speakers, and 2 NHBA and 2 BAA were simultaneous 
bilinguals.  Generally, a third of each participant group had more lifetime exposure, 
greater confidence and greater language ability rating in English, another third of each 
group followed the same trends favoring Spanish, and a final third of each group 
considered themselves as having balanced exposure, confidence, and self-rating.  See 
Table 8 for NHBA LUQ profiles and Table 9 for BAA LUQ profiles.  NHBA and BAA 
were matched on all LUQ variables.  For results of t-test and descriptive statistics for 
LUQ variables for both groups, see Table 10.
 
 
 
8
2
 
Table 8.  NHBA Language Use Questionnaire variables.               
Participant 
AoA 
Lifetime 
exposure Confidence 
Current 
exposure  
Family 
proficiency 
Education 
History 
Language 
ability 
rating 
E S E S E S E S E S E S E S 
NHBA1 20 0 50% 50% 58% 100% 50% 50% 50% 100% 17% 83% 100% 100% 
NHBA2 30 0 45% 55% 55% 100% 89% 11% 8% 100% 33% 67% 63% 100% 
NHBA3 12 0 42% 58% 62% 100% 83% 17% 50% 100% 17% 83% 94% 100% 
NHBA4 0 0 54% 46% 68% 63% 84% 16% 75% 100% 83% 17% 91% 60% 
NHBA5 6 0 42% 58% 48% 97% 77% 23% 42% 100% 6% 94% 83% 100% 
NHBA6 0 0 63% 65% 86% 78% 69% 31% 83% 67% 100% 0% 100% 80% 
NHBA7 5 0 61% 39% 85% 88% 74% 26% 100% 75% 50% 50% 89% 89% 
NHBA8 0 12 81% 19% 100% 49% 100% 0% 100% 63% 100% 0% 100% 53% 
NHBA9 5 0 52% 48% 89% 84% 50% 50% 67% 100% 100% 0% 100% 83% 
NHBA10 0 16 97% 3% 100% 18% 74% 26% 100% 0% 100% 0% 100% 49% 
NHBA11 28 0 18% 84% 24% 100% 30% 70% 67% 100% 0% 100% 49% 100% 
NHBA12 30 0 4% 96% 18% 100% 4% 96% 17% 100% 25% 75% 43% 100% 
NHBA13 25 0 32% 68% 43% 100% 50% 50% 0% 100% 17% 83% 97% 97% 
NHBA14 0.5 0 50% 50% 90% 100% 50% 50% 33% 100% 50% 50% 100% 100% 
NHBA15 0 12 93% 7% 100% 44% 79% 21% 100% 8% 83% 17% 100% 86% 
NHBA16 30 0 6% 94% 14% 100% 11% 89% 17% 100% 0% 100% 47% 100% 
NHBA17 26 0 31% 69% 35% 100% 61% 39% 33% 100% 33% 67% 80% 100% 
NHBA18 7 0 70% 30% 100% 73% 96% 4% 67% 100% 50% 50% 100% 74% 
NHBA19 0 14 78% 22% 100% 49% 94% 6% 100% 7% 83% 17% 100% 79% 
NHBA20 0 12 92% 8% 100% 46% 100% 0% 100% 0% 78% 22% 100% 54% 
Note: NHBA = neurologically healthy bilingual adult, AoA: age of acquisition, E = English, S = Spanish. 
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Table 9a. BAA Language Use Questionnaire variables.               
Pt 
AoA 
Lifetime 
Exposure Confidence 
Pre-stroke 
Current 
Exposure  
Family 
proficiency 
Education 
history 
Prestroke 
Language 
ability rating 
E S E S E S E S E S E S E S 
BAA1 0 0 75% 25% 100% 83% NA NA 83% 83% 100% 0% 100% 40% 
BAA2 21 0 48% 52% 67% 100% 79% 21% 8% 100% 0% 100% 100% 100% 
BAA3 5 0 63% 37% 94% 78% NA NA 83% 92% 78% 22% 100% 82% 
BAA4 7 0 74% 26% 81% 100% NA NA 67% 100% 100% 0% 100% 49% 
BAA5 45 0 10% 90% 5% 100% NA NA 0% 100% 0% 100% 32% 100% 
BAA6 4 0 16% 84% 100% 100% NA NA 8% 100% 58% 42% 34% 100% 
BAA7 5 0 75% 25% 93% 68% 83% 17% 100% 68% 94% 6% 100% 66% 
BAA8 0 4 88% 12% 100% 53% 72% 28% 100% 25% 100% 0% 100% 80% 
BAA9 15 0 5% 98% 14% 100% 17% 83% 38% 100% 25% 75% 71% 100% 
BAA10 7 0 77% 23% 96% 26% 69% 31% 67% 100% 75% 25% 100% 74% 
BAA11 0 0 37% 63% 100% 100% 53% 47% 100% 92% 33% 67% 100% 100% 
BAA12 12 0 36% 64% 46% 100% 80% 20% 17% 100% 28% 72% 100% 99% 
BAA13 0 13 76% 24% 100% 76% 80% 20% 100% 67% 100% 0% 100% 77% 
Note: BAA = bilingual adults with aphasia, AoA = age of acquisition, Pt = patient, NA = not applicable, E = English, S 
= Spanish. 
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Table 9b. BAA Language Use Questionnaire (post stroke) variables. 
Pt 
Post-stroke Current 
Exposure  
Post-stroke Language 
ability rating 
E S E S 
BAA1 94% 6% NA NA 
BAA2 50% 50% 49% 66% 
BAA3 57% 43% 43% 37% 
BAA4 66% 34% NA NA 
BAA5 2% 98% 32% 60% 
BAA6 3% 97% 20% 20% 
BAA7 77% 23% 86% 49% 
BAA8 100% 0% 99% 74% 
BAA9 6% 94% 57% 100% 
BAA10 50% 50% 80% 61% 
BAA11 90% 10% 100% 100% 
BAA12 82% 18% 96% 100% 
BAA13 83% 17% 66% 54% 
Note: BAA = bilingual adults with aphasia, Pt = patient, NA = not 
applicable, E = English, S = Spanish 
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Table 10. Results of t-test and descriptive statistics for Language Use Questionnaire variables.     
      
Group 
  
95% CI for Mean 
Difference 
  
    
  NHBA   
 
  BAA   
  LUQ Variable M SD n   M SD n t df 
Age of Acquisition-English 
 
11 12 20 
 
9 12 13 -7.22, 11.05 0.43 25.72 
Age of Acquisition-Spanish 
 
3 6 20 
 
1 4 13 -1.41, 5.40 1.19 30.97 
Lifetime Exposure-English 
 
53 27 20 
 
52 28 13 -19.77, 21.49 0.09 24.71 
Lifetime Exposure-Spanish 
 
48 27 20 
 
48 29 13 -20.60, 21.29 0.03 24.62 
Confidence-English 
  
68 30 20 
 
76 34 13 -31.76, 16.23 -0.67 23.57 
Confidence-Spanish 
  
80 26 20 
 
83 23 13 -21.59, 13.68 -0.46 27.73 
Current Exposure-English 
 
66 28 20 
 
58 34 13 -16.18, 31.72 0.67 21.63 
Current Exposure-Spanish 
 
34 28 20 
 
41 35 13 -31.72, 16.18 -0.67 21.63 
Education History-English 
 
51 37 20 
 
61 39 13 -37.64, 18.35 -0.71 24.60 
Education History-Spanish 
 
49 37 20 
 
39 39 13 -18.35, 37.64 0.71 24.60 
Family Proficiency-English 
 
60 34 20 
 
59 40 13 -26.65, 28.87 0.08 23.11 
Family Proficiency-Spanish 
 
76 39 20 
 
87 21 13 -32.35, 11.08 -1.00 30.60 
Language Ability Rating-English 87 20 20 
 
88 25 13 -18.03, 16.57 -0.09 21.35 
Language Ability Rating-Spanish 85 18 20   82 21 13 -11.38, 17.68 0.45 23.39 
Note. Satterthwaite approximation employed due to unequal group variances.  All p > .05. 
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Additionally, BAA completed the following standardized tests: the Boston 
Naming Test (BNT) (Kaplan, Goodglass, & Weintraub, 1983) in Spanish and English to 
identify confrontation naming ability in each language; the Pyramids and Palm Trees Test 
(PPT) – Picture Version (Howard & Patterson, 1992) to identify the integrity of the 
semantic system; the Symbol Cancellation, Symbol Trails, and Design Generation 
subtests from the Cognitive Linguistic Quick Test (CLQT) (Helms-Estabrooks, 2001) to 
identify deficits of general cognitive processing; the Bilingual Aphasia Test (BAT) 
(Paradis, 1989) in English and Spanish and the BAT Part C to identify overall receptive, 
expressive and translation deficits in each language; the Imageability and Frequency 
Visual Lexical Decision (#25) subtest from the Psycholinguistic Assessments of 
Language Processing in Aphasia (PALPA) (Kay, Coltheart, & Lesser, 2001) and the 
Spanish translation (Decisión lexica visual: imaginabilidad y frecuencia [#26]; la 
Evaluación del Procesamiento Lingüístico en la Afasia; Coltheart, Kay & Lesser, 1995)  
to identify deficits of written word recognition and performance must be above 65% 
accuracy because patients must be able to recognize written words.   
Approximately half of the BAA showed mild to moderate lexical access and 
language control impairments, and the remaining BAA demonstrated more severe 
language deficits.  All BAA completed the entire CLQT, except for three BAA who only 
completed Symbol Cancellation, Symbol Trails, and Design Generation subtests.  Results 
from diagnostic testing that examined non-linguistic control (i.e., the CLQT) followed a 
similar trend that was identified on the language testing: approximately half of the BAA 
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showed mild to moderated impairment on this test and the remaining BAA demonstrated 
more severe impairment.  For all test results, see Tables 11 – 14.
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Table 11. Bilingual Aphasia Test (BAT) in English and Spanish (BAA1 - BAA6).         
 
BAA1 BAA2 BAA3 BAA4 BAA5 BAA6 
 
E S E S E S E S E S E S 
BAT Subtest 
            Pointing 90% 40% 100% 100% 100% 100% 100% 100% 20% 100% 90% 100% 
Semicomplex commands 40% 10% 70% 90% 80% 80% 90% 80% 0% 90% 50% 80% 
Complex commands 5% 0% 50% 80% 60% 60% 65% 25% 15% 20% 35% 40% 
Verbal Aud. Discrimination 56% 44% 72% 94% 78% 94% 89% 100% 28% 72% 39% 94% 
Semantic Categories 60% 20% 40% 80% 80% 80% 80% 80% 0% 40% 20% 40% 
Synonyms 0% 0% 60% 80% 100% 60% 100% 80% 0% 60% 20% 0% 
Antonyms 40% 0% 80% 100% 40% 40% 20% 40% 40% 40% 40% 40% 
Antonyms II 0% 0% 60% 80% 60% 80% 60% 40% 40% 80% 60% 40% 
Grammaticality judgement 50% 0% 40% 60% 40% 40% 80% 60% 70% 30% 50% 10% 
Semantic Acceptability 90% 80% 100% 100% 100% 70% 90% 90% 70% 80% 90% 90% 
Repetition 40% 3% 87% 97% 90% 90% DNT DNT 53% 83% 7% 13% 
Judgment of words 93% 73% 80% 87% 80% 83% DNT DNT 67% 87% 63% 73% 
Sentence repetition 0% 0% 29% 57% 14% 0% 14% 0% 0% 29% 0% 0% 
Series (automatics) 0% 0% 33% 100% 33% 0% DNT DNT 0% 67% 0% 0% 
Object naming 80% 0% 80% 100% 100% 35% DNT DNT DNT 80% DNT DNT 
Semantic opposites 20% 0% 50% 70% 10% 0% 30% 30% 0% 20% 0% 0% 
Listening comprehension 20% 0% 40% 80% 60% 60% 100% 60% 0% 40% 0% 0% 
Reading words aloud 100% 0% 100% 100% 100% 30% DNT DNT 0% 50% 0% 0% 
Reading sentences 0% 0% 50% 70% 0% 0% DNT DNT 0% 30% 0% 0% 
Reading text comprehension 0% 0% 83% 67% 67% 17% DNT DNT 0% 33% 0% 0% 
Reading comp (words) 100% 30% 100% 90% 100% 60% DNT DNT 50% 60% 90% 80% 
Reading comp (sentences) 80% 40% 60% 80% 70% 50% 40% 40% 40% 50% 60% 70% 
Note: E = English, S = Spanish. 
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Table 12. Bilingual Aphasia Test (BAT) in English and Spanish (BAA7 - BAA13).             
 
BAA7 BAA8 BAA9 BAA10 BAA11 BAA12 BAAA13 
 
E S E S E S E S E S E S E S 
BAT Subtest 
              Pointing 100% 100% 100% 90% 100% 100% 100% 100% 10% 0% 100% 100% 100% 20% 
Semicomplex commands 100% 90% 100% 100% 90% 100% 100% 90% 10% 10% 100% 100% 100% 50% 
Complex commands 100% 70% 100% 55% 30% 35% 90% 90% 10% 5% 100% 90% 75% 10% 
Verbal Aud Discrimination 89% 72% 100% 78% 33% 89% 94% 100% 33% 44% 83% 94% 94% 67% 
Semantic Categories 100% 80% 100% 100% 60% 60% 80% 80% 40% 20% 100% 100% 100% 100% 
Synonyms 80% 20% 100% 60% 0% 60% 100% 40% 20% 20% 100% 100% 100% 20% 
Antonyms 80% 80% 100% 100% 0% 40% 80% 40% 60% 20% 100% 100% 100% 60% 
Antonyms II 60% 20% 80% 100% 60% 80% 60% 60% 20% 20% 80% 100% 60% 40% 
Grammaticality judgement 80% 80% 90% 80% 60% 60% 90% 50% 50% 40% 90% 100% 100% 30% 
Semantic Acceptability 100% 90% 90% 90% 60% 90% 100% 90% 70% 90% 100% 100% 100% 50% 
Repetition 93% 100% 100% 100% 100% 100% 100% 100% 90% 90% 100% 100% 100% 97% 
Judgment of words 100% 90% 100% 93% 70% 100% 97% 90% 90% 87% 93% 100% 100% 73% 
Sentence repetition 100% 43% 100% 57% 14% 100% 100% 100% 29% 29% 86% 100% 86% 14% 
Series (automatics) 100% 33% 100% 67% 100% 100% 100% 100% DNT 0% 100% 100% 100% 0% 
Object naming 100% 65% 100% 75% 65% 70% 100% 95% 0% 0% 100% 100% 100% 10% 
Semantic opposites 100% 0% 100% 60% 10% 80% 70% 80% 0% 10% 100% 80% DNT 10% 
Listening comprehension 80% 80% 100% 40% 20% 20% 100% 100% DNT 0% 100% 100% 100% 80% 
Reading words aloud 100% 100% 100% 100% 100% DNT 100% 100% 0% 0% 100% 100% 100% 90% 
Reading sentences 100% 80% 90% 90% 100% DNT 100% 100% DNT 0% 100% 100% 100% 20% 
Reading text comprehension 83% 17% 100% 83% 33% 100% 67% 100% DNT 0% 100% 100% 100% 33% 
Reading comp (words) 100% 90% 100% 80% 70% 90% 100% 90% 70% 40% 100% 100% 100% 80% 
Reading comp (sentences) 90% 70% 100% 100% 60% 70% 70% 70% 30% 60% 90% 100% 90% 60% 
Note: E = English, S = Spanish. 
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Table 13. BAT Part C Translation, BNT, PALPA/EPLA, PPT-Picture version, CLQT results (BAA1 - BAA6).   
 
BAA1 BAA2 BAA3 BAA4 BAA5 BAA6 
 
into S into E into S into E into S into E into S into E into S into E into S into E 
BAT Part C 
            Word recognition 40% 60% 100% 100% 80% 80% 80% 100% 60% 60% 60% 40% 
Translation of words 0% 0% 50% 70% 10% 50% 20% 70% 10% 0% 0% 0% 
Translation of sentences 0% 0% 11% 11% 0% 0% 6% 17% 0% 0% 0% 0% 
             BNT 0% 0% 53% 57% 57% 10% 38% 13% 0% 23% 0% 0% 
PALPA (25)/ EPLA (26) 93% DNT 72% 78% 69% 58% 65% 70% DNT 74% 62% 74% 
             PPT-picture version 83% 90% 92% 94% 50% 90% 
CLQT Cognitive Domains 
           attention DNT DNT DNT Mild Severe Mild 
memory DNT DNT DNT Moderate Severe Severe 
executive function DNT DNT DNT WNL Severe Severe 
language DNT DNT DNT Mild Severe Severe 
visuospatial skills DNT DNT DNT WNL Severe Mild 
composite severity DNT DNT DNT Mild Severe Moderate 
clock drawing DNT DNT DNT Mild Severe Mild 
CLQT Subtests 
    
 
 
 
 
 
 
 
 Symbol cancelation WNL WNL WNL not WNL not WNL WNL 
Symbol trails not WNL not WNL WNL not WNL not WNL not WNL 
Design generation not WNL not WNL not WNL WNL not WNL not WNL 
Note: BAT = Bilingual Aphasia Test, BNT = Boston Naming Test, PALPA = Imageability and Frequency Visual Lexical Decision 25 on the  
Psycholinguistic Assessments of Language Processing in Aphasia, and the Spanish translation, EPLA = Decisión lexica visual: imaginabilidad y 
frecuencia 26 on la Evaluación del Procesamiento Lingüístico en la Afasia,  PPT = Pyramids and Palm Trees Test, CLQT: Cognitive LInguistic 
Quick Test, into S = translating English into Spanish, into E = translating Spanish into English, DNT = did not test, WNL = within normal limits. 
 
 
 
9
1
 
Table 14. BAT Part C Translation, BNT, PALPA/EPLA, PPT-Picture version, CLQT results (BAA7 - BAA13).       
 
BAA7 BAA8 BAA9 BAA10 BAA11 BAA12 BAAA13 
 
into S into E 
into 
S into E into S into E into S into E into S into E into S into E into S into E 
BAT Part C 
              Word recognition 100% 100% 100% 80% 100% 100% 100% 100% 80% 0% 100% 100% 100% 100% 
Trans.  of words 20% 60% 10% 80% 10% 40% 100% 90% 0% 0% 100% 100% 10% 50% 
Trans. of sentences 22% 50% 61% 56% 44% 22% 94% 61% 0% 0% 89% 89% 22% 33% 
BNT 63% 8% 82% 25% 15% 18% 65% 50% 0% 0% 80% 70% 100% 8% 
PALPA (25)/ 
EPLA (26) 93% 66% 100% 98% 71% 89% 95% 85% 63% 57% 94% 94% 95% 63% 
PPT-picture 
version 88% 98% 63% 85% 52% 96% 96% 
CLQT Cognitive Domains 
             attention Moderate WNL WNL Mild Severe WNL WNL 
memory WNL WNL Moderate Severe Severe WNL WNL 
executive function WNL WNL Mild Severe Severe WNL WNL 
language WNL WNL WNL Mild Severe WNL WNL 
visuospatial skills Mild WNL WNL Mild Severe WNL WNL 
composite severity Mild WNL Mild Moderate Severe WNL WNL 
clock drawing WNL WNL WNL WNL Severe WNL WNL 
CLQT Subtests  
 
 
 
 
 
 
 
 
 
 
   Symbol cancelation not WNL WNL WNL WNL not WNL WNL WNL 
Symbol trails WNL WNL WNL not WNL not WNL WNL WNL 
Design generation not WNL WNL not WNL not WNL not WNL WNL WNL 
Note: BAT = Bilingual Aphasia Test, BNT = Boston Naming Test, PALPA = Imageability and Frequency Visual Lexical Decision 25 on the 
Psycholinguistic Assessments of Language Processing in Aphasia, and the Spanish translation, EPLA = Decisión lexica visual: imaginabilidad y 
frecuencia 26 on la Evaluación del Procesamiento Lingüístico en la Afasia,  PPT = Pyramids and Palm Trees Test.  CLQT: Cognitive Linguistic 
Quick Test, into S: translating English into Spanish; into E: translating Spanish into English, DNT = did not test, WNL = within normal limits. 
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7.4 Experimental paradigms 
All experimental paradigms were presented using E-Prime (Psychology Software 
Tools, Inc.). Participants were seated a comfortable distance from a computer screen. 
Linguistic tasks were presented before the non-linguistic tasks; however, the order of 
each task type was counterbalanced.  Cognates were omitted from the linguistic stimuli, 
and based on the Cross-Linguistic Easy-Access Resource for Phonological and 
Orthographic Neighborhood Densities database (Clearpond; Marian, Bartolotti, Chabal, 
& Shook, 2012), all linguistic stimuli were controlled for frequency.  On the L-Flanker 
task, the following stimuli types were matched for frequency: Spanish targets (M = 63, 
SD = 27) with incongruent distractors (M = 57, SD = 26), (t(38) = .14, p < .05), and 
English targets (M = 92, SD = 42) with incongruent distractors (M = 93, SD = 42), (t(38) 
= -.01, p < .05).  Additionally, frequencies were matched cross-linguistically.  The 
English targets (M = 92, SD = 42) were matched with the Spanish targets (M = 62, SD = 
29), (t(38) = -.58, p < .05), and the English incongruent distractors (M = 92, SD = 42) 
were matched with the Spanish incongruent distractors (M = 57, SD = 26), (t(38) = -.72, p 
< .05). 
On the L-Triad, the following stimuli types were matched for frequency: Spanish 
given items (M = 43, SD = 12) and target items (M = 59, SD = 24),  (t(88) = -.61, p < 
.05), English given items (M = 52, SD = 14) and target items (M = 43, SD = 13),  (t(86) = 
.46, p < .05), Spanish given items (M = 43, SD = 12) and distractor items (M = 31, SD = 
7),  (t(84) = .78, p < .05), English given items (M = 52, SD = 14) and distractor items (M 
= 41, SD = 9),  (t(85) = .60, p < .05), Spanish target items (M = 59, SD = 24) and 
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distractor items (M = 31, SD = 7),  (t(84) = 1.08, p < .05), English target items (M = 43, 
SD = 13) and distractor items (M = 41, SD = 9),  (t(83) = .10, p < .05).  Additionally, 
frequencies were matched cross-linguistically.  The given items for Spanish (M = 43, SD 
= 13) and English (M = 52, SD = 14) were matched on frequency (t(88) = .47, p < .05), 
the target items for Spanish (M = 59, SD = 24) and English (M = 43, SD = 13) were 
matched on frequency (t(86) = -.59, p < .05), and the distractor items for Spanish (M = 
31, SD = 7) and English (M = 41, SD = 9) were matched on frequency (t(81) = .87, p < 
.05).   
 
7.4.1 Non-linguistic flanker task  
 
      On each trial participants were presented with a row of 5 arrows. In half of the 
trials, the target arrow was red and the flanking, non-target arrows were black. In the 
other half of the trials the target arrow was black and the flanking, non-target arrows were 
red.  The target arrow was pseudorandomized to alternate positions (e.g., center, left and 
right sides).  Trials included congruent and incongruent conditions, as described in 
Chapter 7.   Participants were instructed to indicate by left hand button press if the target 
arrow is facing left or right.  A “3” corresponded with left facing target arrows and “4” 
corresponded with right facing target arrows.  See Figure 7 for sample stimuli.  A total of 
160 trials were presented in two runs consisting of two blocks each were presented. Each 
block consisted of 20 congruent (10 red arrows and 10 black arrows) and 20 incongruent 
(10 red arrows and 10 black arrows) trials that were pseudorandomized by target arrow 
color (red and black) and condition (congruent and incongruent).  Based on previous 
research (Gollan et al., 2011), each condition was preceded by a fixation presented for 
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500ms and the stimuli were presented for 2000ms.  The participant was instructed to 
respond as quickly as possible and to press the space bar when ready to begin each block.  
The duration of each run was 3.3 minutes. 
 
 
 
7.4.2 Linguistic flanker task  
 
     On each trial participants were presented with a row of 5 words.  In half of the 
trials the target word was Spanish and in the other half the target word was English.  The 
target word was always red and the flanking, non-target words were always black.  Trials 
included congruent and incongruent conditions.  In the congruent condition, the flanking, 
distractor words were a repetition of the target word in that trial.  In the incongruent 
condition, the flanking, distractor words were one phoneme different in the opposite 
language as the target word in that trial.  Additionally, the target word was 
 
 
  
Figure 7.  Non-linguistic flanker task. 
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pseudorandomized to alternate positions (e.g., center, left and right sides).  See Figure 8 
for sample stimuli.  A total of 160 trials was presented in two runs consisting of two 
blocks each. Each block consisted of 20 congruent (10 Spanish targets and 10 English 
targets) and 20 incongruent (10 Spanish targets and 10 English targets) trials that were 
pseudorandomized by target language (Spanish and English) and condition (congruent 
and incongruent).  Because the basic structure of this task is very similar to the NL-
Flanker, the stimulus presentations were matched where each condition was preceded by 
a fixation presented for 500ms and the stimuli were presented for 2000ms.  Participants 
were instructed to respond as quickly as possible.  To begin each block, the participants 
pressed the space bar. With a left hand button press, participants were instructed that a 
“3” corresponded with English targets and a “4” corresponded with Spanish targets.   The 
duration of each run was 3.3 minutes.                                                                           
 
 
Figure 8. Linguistic flanker task. 
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7.4.3 Non-linguistic triad task 
On each trial participants were presented with a triad of shapes. One shape was 
located on the top of the screen (the given item) and two shapes (the target and distractor) 
were located on the lower half of the screen (one in the left corner and one in the right 
corner). Participants were instructed that with a left hand button press, a “3” 
corresponded with the word in the lower left corner and a “4” corresponded with the 
word in the lower right corner.  The positions of the targets and distractors were 
pseudorandomized.  Stimuli consisted of circles, squares and triangles that were red, blue, 
or green.   On color matching congruent trials (see Figure 9a), the target and distractor 
were the same shape, but the target matched the color of the given item, whereas the 
distractor was a different color.  On shape matching congruent trials (see Figure 9b), all 
shapes were the same color but only the target matched the shape of the given item.  On 
color and shape matching incongruent trials (see Figure 9c and 9d), the target and 
distractor were different shapes and colors and the target matched the given item by color 
or shape.  To match by color, participants were cued by a rainbow patch that appeared at 
the top of the screen, and to match by shape, participants were cued by a series of small, 
black shapes at the top of the screen.  A total of 160 trials were presented and trials were 
organized into two runs consisting of two blocks each. Each block consisted of 20 
congruent (10 shape targets and 10 color targets) and 20 incongruent (10 shape targets 
and 10 color targets) trials that were pseudorandomized by target (color and shape) and 
condition (congruent and incongruent).  Based on previous research (Calabria et al., 
2012; 2013), each trial began with a fixation of 500ms.  Then a cue preceded the stimuli 
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by 1000ms and remained on the screen when the array of stimuli appeared for 3000ms.  
The participant was instructed to respond as quickly as possible and to press the space bar 
when ready to begin each block.  The duration of each run was 6 minutes. 
 
 
 
7.4.4 Linguistic triad task 
 
       On each trial the participant was presented with a triad of words.  One word was 
located on the top of the screen (the given item) and two words (the target and distractor) 
were located on the lower half of the screen (one in the left corner and one in the right 
corner).  The word-pair consisted of the given item and target.  The target and distractor 
locations were pseudorandomized.  Participants were instructed to choose the word that 
was semantically related to the given item.  A left hand button press of “3” corresponded 
with the word in the lower left corner and a left hand button press of “4” corresponded 
Figure 9. Non-linguistic triad task. 
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with the word in the lower right corner.  Given items were in English or Spanish and each 
word-pair had two conditions that systematically altered the language of the word-pair 
and target-distractor relationship. Specifically, the trial is considered congruent when all 
words on the screen are in Spanish or when all words on the screen are in English. The 
trial is considered incongruent when the given item and target are between-language and 
the given item and distractor are within-language.  See Figure 10 for sample stimuli.  
This task is designed to evoke RTs that hierarchically reflect the language control 
required to complete each condition.  Because all words in the congruent condition are 
within-language, this should evoke faster RTs relative to the incongruent condition in 
which the triad is between-language. A total of 160 items were presented and trials were 
organized into two runs that each consisted of two blocks.  Each block consisted of 20 
congruent (10 Spanish given items and 10 English given items) and 20 incongruent (10 
Spanish given items and 10 English given items) trials that were pseudorandomized by 
given item language (Spanish and English) and condition (congruent and incongruent).  
Based on previous research (Kiran, Gray, Kapse, & Raney, 2013), each trial was 
preceded by a fixation (500ms) and the stimulus array appeared for 4000ms.   The 
participants were instructed to press the space bar when ready to begin each block.   The 
duration of each run was 6 minutes.   
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Figure 10. Linguistic task. 
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CHAPTER EIGHT 
RESULTS 
8.1 Part I: First level analyses    
Percent accuracy and RT data were collected for NBHA and BAA performing all 
tasks.  Responses that were less than 400ms were discarded from the analyses, only 
accurate responses were included in the RT analyses, and to account for variability within 
group data, RTs were transformed to z-scores for each participant.  For the analyses, we 
separated the two groups because the focus of this study is not to compare NHBA and 
BAA, but to explore whether each group exhibits congruency effects.  
8.1.1 Non-linguistic tasks 
Statistical Analyses 
For each group (NHBA and BAA), we conducted two repeated measures 
ANOVAs (R-ANOVAs) for each task (NL-Flanker and NL-Triad) that examined the 
effect of Congruency (congruent and incongruent) as the repeated measure and Target 
(NL-Flanker: red and black; NL-Triad: color and shape) as the independent variable on 
percent accuracy and zRT.  An alpha level of 0.05 was used for all statistical analyses.  
Similar to previous studies (Green et al., 2010; Verreyt et al., 2013b), as long as we found 
the congruency effect in either accuracy or RT, we considered that to be indicative of 
unimpaired control mechanisms of the domain being tested.  At the end of Part I of this 
chapter, Table 16 presents NHBA and BAA averages for percent accuracy and zRTs for 
all tasks. 
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8.1.1 Non-linguistic tasks 
 
8.1.1.1 Flanker task 
NL-Flanker: Accuracy 
NHBA 
Within-subjects analyses revealed no significant effect of Congruency (F(1, 38) = 1.47, p 
= .23, ηp²  = .04).  Between-subjects analyses revealed no significant effect of Target 
(F(1, 38) = .65, p = .43, ηp² = .02) and no significant Congruency by Target interaction 
effect (F(1, 38) = .16, p = .69, ηp² = .004).  These results indicate that NHBA accuracy is 
similar for congruent and incongruent conditions.  
BAA 
In contrast to NHBA results, within-subjects analyses revealed a significant effect of 
Congruency (F(1, 24) = 4.29, p < .05, ηp² = .15).  Post hoc LSD pairwise comparisons 
revealed that BAA were 6% (p < .05) more accurate on the congruent condition 
compared to the incongruent condition, indicating that BAA exhibited the congruency 
effect for accuracy.  Similar to NHBA results, between-subjects analyses revealed no 
significant effect of Target (F(1, 24) = .004, p = .95, ηp²  = 0) and no significant 
Congruency by Target interaction effect (F(1, 24) = .05, p = .82, ηp²  = .002).   See Figure 
11a and 11b for NHBA and BAA NL-Flanker accuracy results.  
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NL-Flanker: Response time 
NHBA 
Within-subjects analyses revealed a significant effect of Congruency (F(1, 38) = 34.82, p 
< .001, ηp² = .48).  Post hoc LSD pairwise comparisons revealed that NHBA were .36 z-
score units faster (p < .001) on the congruent condition compared to the incongruent 
condition, indicating that NHBA exhibited the congruency effect for zRT.  Between-
subjects analyses revealed a significant effect of Target (F(1, 38) = 20.55, p < .001, ηp² = 
.35).  Post hoc LSD pairwise comparisons revealed that NHBA were .23 z-score units 
Figure 11a, b.  Accuracy data for the NL-Flanker task (NHBA and BAA). 
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faster (p < .001) on red targets compared to black targets, indicating that for NHBA there 
was an advantage for speed for red targets.  There was no significant Congruency by 
Target interaction effect (F(1, 38) = .11, p = .74, ηp² = .003).   
BAA 
In line with NHBA results, within-subjects analyses revealed a significant effect of 
Congruency (F(1, 24) = 8.12, p < .01, ηp² = .25).  Post hoc LSD pairwise comparisons 
revealed that BAA were .25 z-score units faster (p < .01) on the congruent condition 
compared to the incongruent condition, indicating that BAA exhibited the congruency 
effect for zRT.  Between-subjects analyses revealed a significant effect of Target (F(1, 
24) = 6.13, p < .05, ηp² = .20).  Similar to NHBA results, post hoc LSD pairwise 
comparisons revealed that BAA were .14 z-score units faster (p < .05) on red targets 
compared to black targets, indicating that for BAA there was an advantage for speed for 
red targets.   There was no significant Congruency by Target interaction effect (F(1, 24) 
= .16, p = .69, ηp² = .007).  See Figure 12a and 12b for NHBA and BAA NL-Flanker zRT 
results.  See Table 17 at the end of Part I for the congruency effect checklist summary for 
NHBA and BAA NL-Flanker results. 
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8.1.1.2 Triad task 
NL-Triad: Accuracy 
NHBA 
Within-subjects analyses revealed a significant effect of Congruency (F(1, 38) = 33.15, p 
< .001, ηp² = .47).  Post hoc LSD pairwise comparisons revealed that NHBA were 4.8% 
(p < .001) more accurate on congruent conditions compared to incongruent conditions, 
indicating that NHBA exhibited the congruency effect for accuracy.  Between-subjects 
analyses revealed a significant effect of Target (F(1, 38) = 4.15, p < .05, ηp² = .10).  Post 
Figure 12a, b. Reaction time data (normalized z-scores) for the NL-Flanker 
task (NHBA and BAA). 
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hoc LSD pairwise comparison revealed that NHBA were 2.1% (p < .05) more accurate on 
color targets compared to shape targets, indicating that for NHBA, there was an 
advantage for accuracy for color targets.  There was no significant Congruency by Target 
interaction effect (F(1, 38) = 2.74, p = .11, ηp² = .07). 
BAA  
Within-subjects analyses revealed a significant effect of Congruency (F(1, 24) = 22.15, p 
<  .001, ηp² = .48).  Similar to NHBA, post hoc LSD pairwise comparisons revealed that 
BAA were 23.6% (p < .001) more accurate on the congruent condition compared to the 
incongruent condition, indicating that BAA exhibited the congruency effect for accuracy.  
Unlike NHBA, between-subjects analyses revealed no significant effect of Target (F(1, 
24) = 2.43, p = .13, ηp² = .09), indicating no difference in accuracy between color targets 
and shape targets.   Unlike NHBA, there was a significant Congruency by Target 
interaction effect (F(1, 24) = 4.60, p < .05, ηp² = .16).  Post hoc LSD pairwise 
comparisons revealed that for color targets, BAA were trending (p = .08) towards 12.8% 
higher accuracy on the congruent condition compared to the incongruent condition, and 
for shape targets, BAA were 34.4% (p < .001) more accurate on the congruent condition 
compared to the incongruent condition, indicating that BAA exhibited the congruency 
effect on color targets and shape targets for accuracy.  See Figure 13a and 13b for  
NHBA and BAA NL-Triad accuracy results.  
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NL-Triad: Response time 
NHBA 
Within-subjects analyses revealed a significant main effect of Congruency (F(1, 38) = 
119.54, p < .001, ηp² = .76).  Post hoc LSD pairwise comparisons revealed that NHBA 
were .42 z-score units faster (p < .001) on the congruent condition compared to the 
incongruent condition, indicating that NHBA exhibited the congruency effect for zRT.  
Between-subjects analyses revealed a significant main effect of Target (F(1, 38) = 98.05, 
p < .001, ηp² = .72).  Post hoc LSD pairwise comparisons revealed that NHBA were 40 z-
Figure 13a, b. Accuracy data for the NL-Triad task (NHBA and BAA). 
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score units (p < .001) faster on color targets compared to shape targets, indicating that for 
NHBA, there was an advantage for speed for color targets.  There was also a significant 
Congruency by Target interaction effect F(1, 38) = 5.13, p < .05, ηp² = .12).  Post hoc 
LSD pairwise comparisons revealed that for color targets, NHBA were .33 z-score units 
(p < .001) faster on the congruent condition compared to the incongruent condition, and 
for shape targets, NHBA were .51 z-score units (p < .001) faster on the congruent 
condition compared to the incongruent condition, indicating that NHBA exhibited the 
congruency effect on both target types for zRT.     
BAA 
Within-subjects analyses revealed a significant effect of Congruency (F(1, 24) = 15.98, p 
< .001, ηp² = .40). Similar to NHBA, post hoc LSD pairwise comparisons revealed that 
BAA were .36 z-score units faster (p < .001) on the congruent condition compared to the 
incongruent condition, indicating that BAA exhibited the congruency effect for zRT.  
Between-subjects analyses revealed a significant effect of Target was trending (F(1, 24) 
= 3.11, p = .09, ηp² = .12).  In accordance with NHBA, post hoc LSD pairwise 
comparisons revealed that BAA were trending towards .13 z-score units (p = .09) faster 
on color targets compared to shape targets, indicating for BAA, there was an advantage 
for speed for color targets.  Unlike NHBA there was no significant Congruency by Target 
interaction effect (F(1, 24) = .02, p = .90, ηp² = .001).  See Figure 14a and 14b for NHBA 
and BAA NL-Triad zRT results. See Table 17 at the end of the Part I for the congruency 
effect checklist summary for NHBA and BAA NL-Triad results. 
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8.1.2 Linguistic tasks 
 
 8.1.2.1 Determine covariate  
For the two linguistic tasks, it was important that we accounted for language 
proficiency because we needed to distinguish between the effects of proficiency and the 
effects of congruency for NHBA and BAA.  Therefore, we examined the linguistic tasks 
with proficiency as a covariate.  To identify a covariate that captured language 
proficiency we turned to the Language Use Questionnaire (LUQ) that features 6 language 
measures (lifetime exposure, confidence, current exposure, education history, family 
Figure 14a, b. Reaction time data (normalized z-scores) for the NL-Triad 
task (NHBA and BAA). 
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proficiency, and language ability rating), each of which captures information for Spanish 
and English.  With the LUQ measures from all participants, we performed two principal 
components analyses (PCA) (one model for Spanish and one model for English), to 
identify which measures were not highly correlated with each other.  A varimax 
normalized factor rotation was used to analyze the factor loadings, and a 0.6 cutoff was 
used to identify items that loaded on to each factor.   
The results revealed that for English, education history, confidence, family 
proficiency, and lifetime exposure loaded on to the first factor that accounted for 75% of 
the variance with an eigenvalue of 4.52, and current exposure and language ability rating 
loaded on to the second factor that accounted for 11% of the variance with an eigenvalue 
of 0.65.  For Spanish, current exposure, lifetime exposure, language ability rating, and 
education history loaded on to the first factor that accounted for 70% of the variance with 
an eigenvalue of 4.23, and family proficiency and confidence loaded on to the second 
factor that accounted for 10% of the variance with an eigenvalue of 0.65 (see Table 15 
for PCA results).   
To reduce the LUQ measures based on the PCA analyses, for each language we 
created a composite score by averaging the measures (for each participant) that loaded on 
to each factor and renamed each factor.   Specifically, for English, we averaged the four 
measures that loaded on to factor one (education history, confidence, family proficiency, 
and lifetime exposure) and labeled it Language Experience (English); and we averaged 
the two measures that loaded on to factor two (current exposure and language ability 
rating) and labeled it Language Exposure (English).  For Spanish, we averaged the four 
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measures that loaded on to factor one (current exposure, lifetime exposure, language 
ability rating, and education history) and called it Language Experience (Spanish); and 
we averaged the two measures that loaded on to factor two (family proficiency and 
confidence) and labeled it Language Exposure (Spanish).   
From these data, we decided to use the composite scores as the covariate in our R-
ANCOVAs performed for the linguistic tasks.  Specifically, in one version of the R-
ANCOVA model, we used Language Experience English and Spanish, and in the other 
version of the R-ANCOVA model, we used Language Exposure English and Spanish.  
We acknowledge that the LUQ covariates are slightly different for which LUQ measures 
are loaded on to each factor; however, each composite score accurately represents the 
information from the LUQ that is relevant for our participants in each language.  Finally, 
in our fastidious attempts to identify a covariate that best accounts for language 
proficiency, in addition to the LUQ composite scores, we turned to our previous work.  
Based on our recent findings which identified language ability rating (LAR) as a strong 
measure that is predictive of post-stroke language skill for BAA and a reliable metric to 
represent language dominance (i.e., language proficiency) for NHBA and BAA (Gray & 
Kiran, 2015; Gray & Kiran, 2013; Kiran, Balachandran & Lucas, 2014), we decided to 
also use LAR as a covariate in a third version of the R-ANCOVA models. 
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Table 15. PCA factor loadings for English (a) and Spanish (b) Language Use Questionnaire 
measures. 
a. English     
 
b. Spanish     
Independent variable Factor 1 Factor 2 
 
Independent variable Factor 1 Factor 2 
Education history 0.93 0.22 
 
Current exposure 0.89 0.15 
Confidence  0.78 0.48 
 
Lifetime exposure 0.76 0.57 
Family proficiency 0.77 0.43 
 
Language ability rating  0.70 0.49 
Lifetime exposure 0.71 0.64 
 
Education history 0.65 0.57 
Current exposure 0.33 0.88 
 
Family proficiency 0.23 0.88 
Language ability rating 0.34 0.86 
 
Confidence 0.36 0.87 
Variance (%) 75 11 
 
Variance (%) 71 11 
Eigenvalue 4.52 0.63   Eigenvalue 4.23 0.65 
 
Statistical Analyses for Linguistic Flanker and Linguistic Triad Tasks 
For each group (NHBA and BAA) and task (L-Flanker and L-Triad), three R-
ANCOVAs examining the effect of Congruency (congruent and incongruent) as the 
repeated measure and Target (English and Spanish) as the independent variable on 
percent accuracy and on zRT were performed with Language Experience  (LExperience) 
(English and Spanish) as the covariate in one set of analyses,  Language Exposure 
(LExposure) (English and Spanish) as the covariate in the other set of analyses, and as a 
follow up set of analyses, LAR was used as the covariate.  For each group, the results 
from all analyses (i.e., each covariate) are similar, and therefore, presented together. 
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8.1.2.2. Flanker task 
L-Flanker with LExperience covariate, LExposure covariate, and LAR covariate:  
Accuracy 
NHBA 
Within-subjects analyses revealed no significant effect of Congruency (LExperience 
covariate: F(1, 37) = 1.72, p = .20, ηp² = .04, LExposure covariate: F(1, 37) = 1.36, p = 
.25, ηp² = .04, and LAR covariate: F(1, 37) = 3.32, p = .08, ηp² = .08), indicating that 
when language proficiency was taken into account, NHBA did not exhibit the 
congruency effect for accuracy.  Between-subjects analyses revealed no significant effect 
of Target for any model (LExperience covariate: F(1,37) = .26, p = .62, ηp² = .01, 
LExposure covariate: F(1,37) = .03, p = .87, ηp² = .001, and LAR covariate: F(1, 37) = 
.06, p = .81, ηp² = .002).  There was no significant effect of covariate for any model 
(LExperience covariate: F(1, 37) = .26, p = .62, ηp² = .01, LExposure covariate: F(1, 37) 
= .23, p = .63, ηp² = .02, and LAR: F(1, 37) = 2.13, p = .15, ηp² = .06) and no significant 
Congruency by Target interaction effect for any model (LExperience covariate: F(1, 37) 
= .91, p = .35, ηp² = .02, LExposure covariate: F(1, 37) = .77, p = .39, ηp² = .02, and LAR 
covariate: F(1, 37) = .98, p = .33, ηp² = .03).  Finally, there was no significant 
Congruency by covariate interaction effect for LExperience (F(1, 37) = .53, p = .47, ηp² = 
.01), LExposure (F(1, 37) = .08, p = .78, ηp² = .002), and LAR (F(1, 37) = 2.32, p = .14, 
ηp² = .06).   
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BAA 
BAA results for this task were very similar to the NHBA results. Within-subjects 
analyses revealed no significant effect of Congruency (LExperience covariate: F(1, 23) = 
.85, p = .37, ηp² 
 = .04, LExposure covariate: F(1, 23) = .03, p = .87, ηp²
 
 = .001, and LAR covariate: F(1, 
23) = .07, p = .80, ηp² = .003), indicating that when language proficiency was taken into 
account, BAA did not exhibit the congruency effect for accuracy.  Like NHBA, between-
subjects analyses revealed no significant effect of Target for any model (LExperience 
covariate: F(1, 23) = .02, p = .91,  ηp² = .001, LExposure covariate: F(1, 23) = 0, p = .10, 
ηp² = 0, and LAR covariate: F(1, 23) = .05, p = .83,  ηp² = .002).  Additionally, there was 
no significant effect of covariate (LExperience: F(1, 23)= .19, p = .67, ηp² = .008, 
LExposure: F(1, 23) = .08, p = .78, ηp² = .004, and LAR: F(1, 23) = 1.79, p = .19, ηp² = 
.07), no significant Congruency by Target interaction effect (LExperience covariate: F(1, 
23) = .43, p = .52, ηp² = .02, LExposure covariate: F(1, 23) = .77, p = .39, ηp² = .03, and 
LAR covariate: F(1, 23) = .33, p = .57, ηp² = .01), and no significant Congruency by 
covariate interaction effect for any model (LExperience: F(1, 23) = .009, p = .92, ηp² = 0, 
LExposure: F(1, 23) = .74, p = .40, ηp² = .03, LAR: F(1, 23) = .77, p = .39, ηp² = .03).  
Therefore, NHBA and BAA did not exhibit the congruency effect in the L-Flanker task 
for accuracy, even when the model controlled for language proficiency.  See Figure 15a 
and 15b for NHBA and BAA L-Flanker with LExperience, LExposure, and LAR 
covariate accuracy results. 
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L-Flanker with LExperience covariate, LExposure covariate, and LAR covariate: 
Response time 
NHBA 
Within-subjects analyses revealed no significant effect of Congruency (LExperience 
covariate: F(1, 37) = .05, p = .82, ηp² = .001, LExposure covariate: F(1, 37) = .04, p = 
.82, ηp² = .001, and LAR covariate: F(1, 37) = .53, p = .47, ηp² = .01), indicating that 
when language proficiency was taken into account, NHBA did not exhibit the 
Figure 15a, b. Accuracy data for the L-Flanker task (NHBA and BAA). 
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congruency effect for zRT. Between-subjects analyses revealed a significant effect of 
Target (LExperience covariate: F(1, 37) = 9.05, p < .01, ηp² = .20, LExposure covariate: 
F(1, 37) = 10.01, p < .01, ηp² = .21, and LAR covariate: F(1, 37) = 10.05, p < .01, ηp² = 
.21). Post hoc LSD pairwise comparisons revealed that NHBA were faster on English 
targets (LExperience covariate: .13 z-score units, p < .01, LExposure covariate: .14 z-
score units, p < .01, and LAR covariate: .13 z-score units, p <.01) compared to Spanish 
targets, indicating that when accounting for language proficiency, NHBA demonstrated 
an advantage for English targets compared to Spanish targets. There was a significant 
effect of covariate for all models (LExperience: F(1, 37) = 9.07, p < .01, ηp² = .20, 
LExposure: F(1, 37) = 4.82, p < .05, ηp² = .12, and LAR (F(1, 37) = 10.46, p < .01, ηp² = 
.22) .  There was no significant Congruency by Target interaction effect for any model 
(LExperience covariate: F(1, 37) = .01, p = .94, ηp² = 0, LExposure covariate: F(1, 37) = 
.01, p = .91, ηp² = 0, and LAR covariate: F(1, 37) = 0, p = .99, ηp² = 0). Finally, there was 
no significant Congruency by covariate interaction effect for any model (LExperience 
covariate: F(1, 37) = 3.51, p = .07, ηp² = .09, LExposure covariate: F(1, 37) = 1.66, p = 
.21, ηp² = .04, and LAR covariate: F(1, 37) = .58, p = .45, ηp² = .02).  
BAA 
Similar to NHBA, within-subjects analyses revealed no significant effect of Congruency 
(LExperience covariate: F(1, 23) = .07, p = .79, ηp² = .003, LExposure covariate: F(1, 23) 
= 2.04, p = .16, ηp² = .08, and LAR covariate: F(1, 23) = 2.51, p = .13, ηp² = .09), 
indicating that when language proficiency was taken into account, BAA did not exhibit 
the congruency effect for zRT.  Between-subjects analyses revealed a significant effect of 
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Target (LExperience covariate: F(1, 23) = 11.55, p < .01, ηp² = .33, LExposure covariate: 
F(1, 23) = 15.68, p < .001, ηp² = .41, and LAR covariate: F(1, 23) = 12.35, p < .01, ηp² = 
.35).  In line with NHBA, post hoc LSD pairwise comparisons revealed that BAA were 
faster on English targets (LExperience: .23 z-score units, p < .01, LExposure: .28 z-score 
units, p < .001, and LAR covariate: .23 z-score units, p < .01) compared to Spanish 
targets, indicating that even when accounting for language proficiency, BAA 
demonstrated an advantage for English targets compared to Spanish targets..  Unlike 
NHBA, there was no significant effect of covariate (LExperience: F(1, 23) = 3.34, p = 
.08, ηp² = .13, LExposure: F(1, 23) = 2.43, p = .13, ηp² = .10, and LAR: F(1, 23) = 3.74, p 
= .07, ηp² = .14).  In line with NHBA, there was no significant Congruency by Target 
interaction effect for any model (LExperience covariate: F(1, 23) = .15, p = .70, ηp² = 
.007, LExposure covariate: F(1, 23) = .06, p = .81, ηp² = .003, and LAR covariate: F(1, 
23) = .24, p = .63, ηp² = .01) and no significant Congruency by covariate interaction 
effect for LExperience (F(1, 23) = 1.00, p = .33, ηp² = .04); however, unlike NHBA, this 
interaction was significant for LAR (F(1, 23) = 4.14, p < .05, ηp² = .15) and trending 
towards significance for LExposure (F(1, 23) = 3.83, p = .06, ηp² = .14).  Therefore, 
NHBA and BAA did not show the congruency effect for zRT on the L-Flanker, even 
when the model controlled for language proficiency.  See Figure 16a and 16b for NHBA 
and BAA L-Flanker with LExperience, LExposure, and LAR covariate zRT results.  See 
Table 17 at the end of Part I for the congruency effect checklist summary for NHBA and 
BAA L-Flanker results. 
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8.1.2.3. Triad task 
L-Triad with LExperience covariate, LExposure covariate, and LAR covariate: Accuracy 
NHBA 
Within-subjects analyses revealed a significant effect of Congruency (LExperience  
covariate: F(1, 37) = 33.62, p < .001, ηp² =.48, LExposure covariate: F(1, 37) = 15.38, p 
< .001, ηp² =.29, and LAR covariate: F(1, 37) = 34.87, p < .001, ηp² = .45), indicating that 
when language proficiency was taken into account, NHBA exhibited the congruency 
Figure 16a, b. Reaction time data (normalized z-scores) for the L-Flanker task (NHBA 
and BAA). 
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effect for accuracy.  Post hoc LSD pairwise comparisons were not significant for any 
model, but revealed that NHBA were 1.3% more accurate (LExperience: p = .28, 
LExposure: p = .38, and LAR covariate: p = .31) on the congruent condition relative to 
the incongruent condition.  Between-subjects analyses revealed no significant effect of 
Target (LExperience covariate: F(1, 37) = .04, p = .84, ηp² = .001, LExposure covariate: 
F(1, 37) = .08, p = .78, ηp² = .002, and LAR covariate: F(1, 37) = .03, p = .88, ηp² = 
.001).  There was no significant effect of covariate for LExperience (F(1, 37) = .24, p = 
.63, ηp² = .006) and LExposure (F(1, 37) = 2.55 p = .12, ηp² = .07), but LAR covariate 
was significant (F(1, 37) = 4.72, p = .04, ηp² = .11).   There was a significant Congruency 
by Target interaction effect for all models (LExperience covariate: F(1, 37) = 29.85, p < 
.001, ηp² = .45, LExposure covariate: F(1, 37) = 25.57, p < .001, ηp² = .41, and LAR 
covariate: F(1, 37) = 29.80, p < .001, ηp² = .45).  Post hoc LSD pairwise comparisons 
revealed that NHBA were more accurate on the English congruent condition compared to 
the English incongruent condition (LExperience covariate: 8%, p < .001, LExposure 
covariate: 9%, p < .001, and LAR covariate: 8%, p < .001)  and NHBA were less 
accurate on the Spanish congruent condition compared to the Spanish incongruent 
condition (LExperience covariate: 5%, p < .01, LExposure covariate: 6%, p < .01, and 
LAR covariate:  6%, p < .01), indicating that when controlling for language proficiency, 
NHBA exhibited the congruency effect for accuracy for English targets only.  There was 
also a significant Congruency by covariate interaction effect for all models (LExperience: 
F(1, 37) = 47.84, p < .001, ηp² = .56, LExposure: F(1, 37) = 19.80, p < .001, ηp² = .35, 
and LAR: F(1, 37) = 39.26, p < .001, ηp² = .52).      
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BAA   
In contrast to NHBA results, within-subjects analyses revealed no significant effect of 
Congruency (LExperience covariate: F(1, 23) = 2.05, p = .17, ηp² = .08, LExposure 
covariate: F(1, 23) = 3.23, p = .07, ηp² = .12, and LAR covariate: F(1, 23) = .29, p = .60, 
ηp² = .01), indicating that when accounting for language proficiency, BAA did not exhibit 
the congruency effect on accuracy.  Similar to NHBA, between-subjects analyses 
revealed no significant effect of Target (LExperience covariate: F(1, 23) = .07, p = .80, 
ηp² = .003, LExposure covariate: F(1, 23) = .08, p = .80, ηp² = .004, and LAR covariate: 
F(1, 23) = .03, p = .86, ηp² = .001), indicating that when controlling for language 
proficiency, BAA demonstrated no difference in accuracy between English targets and 
Spanish targets.  There was no significant effect of covariate for LExperience (F(1, 23) = 
.08, p = .78, ηp² = .003, LExposure (F(1, 23) = .01, p = .92, ηp² = 0, and LAR (F(1, 23) = 
1.56, p = .22, ηp² = .06).  In contrast to NHBA, there was no significant Congruency by 
Target interaction effect for LExperience covariate (F(1, 23) = 2.32, p = .14, ηp² = .09) 
and LAR covariate (F(1, 23) = 2.73, p = .11, ηp² = .11); however, there was a significant 
Congruency by Target interaction effect was found for LExposure (F(1, 23) = 5.26, p < 
.05, ηp² = .19).  Post hoc results for the model with LExposure covariate were not 
significant; however, they appeared to be trending in similar directions as NHBA.  For 
the English targets, the congruent condition was trending towards 10% greater accuracy 
than the incongruent condition (p =.08), and for the Spanish targets, the congruent 
condition appeared to be 8.2% less accurate than the incongruent condition (p =.16), 
indicating that when controlling for language proficiency, BAA were trending towards 
 
 
120 
 
exhibiting the congruency effect on English targets only.   Finally, again in contrast to 
NHBA, there was no significant Congruency by covariate interaction effect for 
LExperience covariate (F(1, 23) = 3.05, p = .09, ηp² = .12 and LAR covariate (F(1, 23) = 
.39, p = .52, ηp² = .02, whereas LExposure covariate was trending towards significance 
(F(1, 23) = 3.86, p = .06, ηp² = .14. See Figure 17a and 17b for NHBA and BAA L-Triad 
with LExperience, LExposure, and LAR covariate accuracy results.   
 
 
 
Figure 17a, b.  Accuracy data for the L-Triad task (NHBA and BAA). 
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L-Triad with LExperience covariate, LExposure covariate, and LAR covariate: Response 
time  
NHBA 
Within-subjects analyses revealed a significant effect of Congruency (LExperience 
covariate: F(1, 37) = 19.68, p < .001, ηp² = .35, LExposure covariate: F(1, 37) = 5.26, p < 
.05, ηp² = .12, and LAR covariate: F(1, 37) = 15.47, p < .001, ηp² = .30), indicating that 
when language proficiency was taken into account, NHBA exhibited the congruency 
effect for zRT.  Post hoc LSD pairwise comparisons revealed that NHBA were .11 z-
score units faster on the congruent condition compared to the incongruent condition 
(LExperience: p < .05, LExposure covariate: p = .11, LAR covariate: p = .07).  Between-
subjects analyses revealed a significant effect of Target for all models (LExperience 
covariate: F(1, 37) = 20.61,  p < .001, ηp² = .36, LExposure covariate: F(1, 37) = 18.61,  p 
< .001, ηp² = .34, and LAR covariate: F(1, 37) = 21.46,  p < .001, ηp² = .37).  Post hoc 
LSD pairwise comparisons revealed that NHBA were faster on English targets compared 
to Spanish targets (LExperience covariate: .14 z-score units, p < .001, LExposure: .16 z-
score units, p < .001, and LAR covariate: .15 z-score units, p < .001), indicating that even 
when language proficiency was accounted for, NHBA demonstrated an advantage for 
English targets compared to Spanish targets..  There was also a significant effect of 
covariate for all models (LExperience: F(1, 37) = 45.45, p < .001, ηp² = .55, LExposure: 
F(1, 37) = 20.40, p < .001, ηp² = .36, and LAR: F(1, 37) = 41.45, p < .001, ηp² = .53) and 
a significant Congruency by Target interaction effect for all models (LExperience 
covariate: F(1, 37) = 7.18, p < .05, ηp² = .16, LExposure covariate: F(1, 37) = 6.83, p < 
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.05, ηp² = .16, and LAR covariate: F(1, 37) = 6.90, p < .05, ηp² = .16).  Post hoc LSD 
pairwise comparisons revealed that for English targets, NHBA were faster on the 
congruent condition compared to the incongruent condition (LExperience: .25 z-score 
units, p < .01, LExposure: .28 z-score units, p < .01, and LAR: .27 z-score units, p < .01), 
and for the Spanish targets, there was no significant difference between the congruent 
condition and the incongruent condition (LExperience: p = .66, LExposure: p = .50, and 
LAR: p = .58), indicating that when language proficiency was accounted for, NHBA 
exhibited the congruency effect for speed on English targets only.  A significant 
Congruency by covariate interaction effect was also found for all models (LExperience: 
F(1, 37) = 34.44, p < .001, ηp² = .48, LExposure: F(1, 37) = 8.93, p < .001, ηp² = .20, and 
LAR: F(1, 37) = 19.55, p < .001, ηp² = .35).   
BAA 
In contrast to NHBA, within-subjects analyses revealed no significant effect of 
Congruency (LExperience covariate: F(1, 23) = 3.54, p = .07, ηp² = .13, LExposure 
covariate: F(1, 23) = 1.49, p = .23, ηp² = .06, and LAR covariate: F(1, 23) = 1.23, p = .28, 
ηp² = .05).  Also in contrast to NHBA, between-subjects analyses revealed no significant 
effect of Target for any model (LExperience covariate: F(1, 23) = .68, p = .42, ηp² = .03; 
LExposure covariate: (F(1, 23) = 2.86, p = .10, ηp² = .11, and LAR: F(1, 23) = .91, p = 
.35, ηp² = .04), indicating that when language proficiency was accounted for, BAA did 
not show a difference in zRT between English and Spanish targets.  Additionally, there 
was no significant effect of covariate for LExperience (F(1, 23) = 3.25, p = .08, ηp² = .13)  
and LAR (F(1, 23) = 1.09, p = .31, ηp² = .05), but there was a significant effect of 
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covariate for LExposure (F(1, 23) = 4.98, p = .04, ηp² = .18).  In line with NHBA, there 
was a significant Congruency by Target interaction effect for all models (LExperience 
covariate: F(1, 23) = 4.57, p < .05, ηp² = .17, LExposure covariate: F(1, 23) = 7.36, p < 
.05, ηp² = .24, and LAR: F(1, 23) = 4.82, p < .05, ηp² = .17).  Similar to NHBA, post hoc 
LSD pairwise comparisons revealed that for English targets, BAA were faster on the 
congruent condition compared to the incongruent condition (LExperience: .24 z-score 
units, p < .05, LExposure: .31 z-score units, p < .05, LAR: .26 z-score units faster, p < 
.05), and for Spanish targets, there was no significant difference between the congruent 
condition and the incongruent condition (LExperience: p =.40, LExposure: p = .43  LAR: 
p = .37), indicating that when language proficiency was accounted for, BAA exhibited 
the congruency effect for speed on English targets only.  There was a significant 
Congruency by covariate interaction effect for LExperience (F(1, 23) = 6.62, p < .05, ηp² 
= .22) and LExposure (F(1, 23) = 10.32, p < .01, ηp² = .31), whereas for the model with 
LAR covariate, no significant  interaction effect was found, (F(1, 23) = .04, p = .852, 
ηp²= .07).  See Figure 18a and 18b for NHBA and BAA L-Triad with LExperience, 
LExposure, and LAR covariate zRT results.  See Table 17 at the end of Part I for the 
congruency effect checklist summary for NHBA and BAA for L-Triad results. 
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To summarize the results up to this point, NHBA and BAA exhibit the 
congruency effect (as identified by accuracy and/or zRT) on the NL-Flanker, NL-Triad, 
and L-Triad.  These findings show that task complexity plays a role in participants’ 
ability to show the congruency effect because both groups show this effect on the more 
complex linguistic and non-linguistic tasks.  Results from both groups provide evidence 
that there is an overlap between mechanisms of linguistic and non-linguistic control and 
this is indicative of domain general cognitive control.
Figure 18a, b.  Reaction time data (normalized z-scores) for the L-Triad 
task (NHBA and BAA).  
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Table 16. Mean percent accuracies, standard deviations, and reaction time z-values for NHBA and BAA. 
  
NHBA 
 
BAA 
  
Accuracy 
 
zRT 
 
Accuracy 
 
zRT 
  
Congruent 
 
Incongruent 
 
Congruent Incongruent 
 
Congruent 
 
Incongruent 
 
Congruent 
 
Incongruent 
Task Target M SD   M SD   M SD M SD   M SD   M SD   M SD   M SD 
Non-
linguistic 
Flanker 
Black 97 6   96 8   -0.05 0.26 0.28 0.26   88 15   81 29   -0.02 0.21   0.19 0.36 
Red 98 2 
 
97 6 
 
-0.30 0.27 0.07 0.19 
 
88 18 
 
83 22 
 
-0.19 0.22 
 
0.08 0.21 
Total 98 5 
 
96 7 
 
-0.2 0.29 0.17 -0.25 
 
88 16 
 
82 26 
 
-0.10 0.23 
 
0.13 0.29 
Non-
linguistic 
Triad 
Color 99 1   96 3   -0.36 0.14 -0.02 0.20   90 10   77 19   -0.23 0.13   0.14 0.27 
Shape 98 1 
 
92 7 
 
-0.04 0.16 0.45 0.18 
 
89 12 
 
55 36 
 
-0.08 0.19 
 
0.25 0.46 
Total 99 1 
 
94 5 
 
-0.20 0.22 0.21 0.31 
 
90 11 
 
66 31 
 
-0.15 0.17 
 
0.19 0.38 
Linguistic 
Flanker 
English 91 8   87 16   -0.19 0.24 0.07 0.21   80 20   74 19   -0.17 0.38   -0.06 0.27 
Spanish 90 11 
 
89 18 
 
-0.05 0.28 0.21 0.22 
 
79 17 
 
76 20 
 
0.05 0.27 
 
0.21 0.27 
Total 91 10   88 17   -0.1 0.26 0.14 0.22   79 18   75 19   -0.06 0.34   0.07 0.29 
Linguistic 
Triad 
English  95 9 
 
86 11 
 
-0.2 0.32 0.07 0.17 
 
72 21 
 
64 20 
 
-0.15 0.30 
 
0.12 0.26 
Spanish 86 14 
 
92 10 
 
0.12 0.36 0.06 0.16 
 
63 17 
 
69 25 
 
0.12 0.35 
 
-0.002 0.15 
Total 90 12   89 11   -0 0.37 0.07 0.16   68 19   66 22   -0.01 0.35   0.06 0.22 
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Table 17. Congruency checklist for all tasks for NHBA and BAA. 
   
NHBA                
(n = 20) 
BAA                   
(n = 13) 
Task acc RT acc RT 
Non-linguistic Flanker  X       
Linguistic Flanker LExperience.cov  X  X  X  X 
Linguistic Flanker LExposure.cov  X  X  X  X 
Linguistic Flanker LAR.cov  X  X  X  X 
              
Non-linguistic Triad         
Linguistic Triad LExperience.cov      X   
Linguistic Triad LExposure.cov      X   
Linguistic Triad LAR.cov      X   
Note: The congruency effect is notated by a ; no congruency effect is notated 
by an X, LExperience = language experience, LExposure = language exposure, 
LAR = language ability rating, cov = covariate. 
 
 
 
8.1.3 Conflict ratios  
 In the next analysis we examined conflict ratios for accuracy and zRT.  The goal 
of this analysis was to compare conflict ratios by specific task combinations (i.e., NL-
Flanker vs. L-Flanker and NL-Triad vs. L-Triad) in order to identify possible differences 
in magnitudes of conflict for non-linguistic and linguistic tasks.  Greater conflict 
indicates greater difficulty (i.e., more control required) to perform the task.  Based on 
Green et al. (2010), we calculated conflict ratios for accuracy by taking the difference 
between mean incongruent percent accuracy and mean congruent percent accuracy 
divided by incongruent percent accuracy ([congruent – incongruent]/incongruent).  To 
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calculate zRT conflict ratios, we used the following formula: ([incongruent – 
congruent]/congruent).   
For each group, two one-way ANOVAs were performed for conflict ratio 
accuracy and conflict ratio zRT.  In each model, conflict ratio (accuracy or zRT) was the 
dependent variable and task (NL-Flanker, L-Flanker, NL-Triad, L-Triad) was the 
independent variable.  For NHBA, neither model was significant (accuracy: F(3, 76) 
=.69, p = .56, ηp² = .03; zRT: F(3, 76) =.73, p = .58, ηp² = .03), indicating no difference 
between the NL-Flanker task and L-Flanker task comparisons and NL-Triad task and L-
Triad task comparisons for accuracy and zRT.  In contrast to NHBA, for BAA, both 
models were significant (accuracy:  F(3, 48) = 3.86, p < .05, ηp² = .20); zRT: F(3, 48) = 
3.90, p < .05, ηp² = .20).  Bonferroni pairwise comparisons revealed no difference 
between NL-Flanker vs. L-Flanker tasks for accuracy (p = 1.00) and zRT (p = 1.00).  
However, for the triad tasks, Bonferroni pairwise comparisons revealed that BAA 
demonstrated greater conflict on the NL-Triad task compared to the L-Triad task for 
accuracy (.44 percent accuracy conflict ratio; p < .05) and for zRT (-.44 z-score unit 
conflict ratio, p < .05).  These findings indicate that NHBA demonstrated the same 
degree of conflict across linguistic and non-linguistic tasks of low or high level 
complexity, whereas BAA exhibited greater conflict for the high level complex, non-
linguistic task compared to the high level complex, linguistic task.  See Figure 19a and 
19b for NHBA conflict ratios by task and Figure 20a and 20b for BAA conflict ratios by 
task.   
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Figure 19a, b. Conflict ratios for accuracy and zRT for NHBA. 
Figure 20a, b. Conflict ratios for accuracy and zRT for BAA. 
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8.2 Part II: Follow up analyses 
To further explore conflict ratios, we examined all BAA conflict ratio 
performance on all tasks.  All patients perform similarly on the linguistic tasks, but 
conflict ratios begin to spread apart on the non-linguistic tasks.  (See Figure 21a for 
accuracy and Figure 21b for zRT.)  Specifically, on the NL-Triad, it appears that a small 
group of  BAA has small conflict ratios (i.e., BAA3, BAA7, BAA8, BAA12, BAA13) 
and a larger group of BAA has large conflict ratios (i.e., BAA1, BAA2, BAA4, BAA5, 
BAA6, BAA9, BAA10, BAA11) for accuracy and zRT.  Based on this observation, we 
went back and examined diagnostic scores for lexical access (the BAT English and 
Spanish) and language control (BAT Part C Translation).  The BAA with small conflict 
ratios were less severely impaired as demonstrated by generally higher diagnostic test 
scores (i.e., > 65%) so we relabled this group BAAHigh (n =5).  The BAA with big 
conflict ratios were generally more severely impaired as demonstrated by lower 
diagnositc scores so we relabled this group BAALow (n = 8).  See Table 18 and 19 for a 
summary of BAAHigh and BAALow diagnostic scores.  
With these newly formed BAA groups based on high and low lexical access and 
language control impairment, we re-ran  the R-ANOVAs and R-ANCOVAs to find out if 
the results between the two groups diverged. 
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Figure 21a, b. BAA conflict ratios for accuracy and zRT across all tasks. 
a
 a  
 
b 
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Table 18. Averages of English and Spanish diagnostic testing results (BAA1 - BAA6). 
    BAA1 BAA2 BAA3 BAA4 BAA5 BAA6 
Standardized Tests E   S  E   S  E   S  E   S E   S  E   S  
BAT                          
Receptive Language 36% 14% 67% 88% 75% 74% 75% 68% 18% 63% 44% 54% 
Expressive Language 80% 0% 80% 100% 100% 35% DNT DNT DNT 80% DNT DNT 
BAT Part C  E-S S-E E-S S-E E-S S-E E-S S-E E-S S-E E-S S-E 
Translation    20% 30% 75% 85% 45% 65% 50% 85% 35% 30% 30% 20% 
Boston Naming Test                         
Expressive Language 0% 0% 53% 57% 57% 10% 38% 13% 0% 23% 0% 0% 
PALPA/EPLA                          
    93% DNT 72% 78% 69% 58% 65% 70% DNT 74% 62% 74% 
PPT-picture version                         
    83% 90% 92% 94% 50% 90% 
CLQT                          
attention   DNT DNT DNT Mild Severe Mild 
memory   DNT DNT DNT Moderate Severe Severe 
executive functions DNT DNT DNT WNL Severe Severe 
language   DNT DNT DNT Mild Severe Severe 
visuospatial skills DNT DNT DNT WNL Severe Mild 
composite severity  DNT DNT DNT Mild Severe Moderate 
clock drawing DNT DNT DNT Mild Severe Mild 
CLQT Subtests                         
Symbol Cancelation WNL WNL WNL not WNL not WNL WNL 
Symbol Trails not WNL not WNL WNL not WNL not WNL not WNL 
Design Generation not WNL not WNL not WNL WNL not WNL not WNL 
Note: Blue highlight indicates BAA with small conflict ratios and generally high performance on diagnostic testing. See Table 13 for a 
summary of abbreviations.  
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Table 19. Averages of English and Spanish diagnostic testing results (BAA7 - BAA13). 
    BAA7 BAA8 BAA9 BAA10 BAA11 BAA12 BAA13 
Standardized Tests E   S  E   S  E   S  E   S  E   S  E   S  E   S  
BAT                              
Receptive Language 89% 67% 98% 85% 47% 70% 88% 75% 25% 17% 95% 98% 91% 46% 
Expressive Language 100% 65% 100% 75% 65% 70% 100% 95% 0% 0% 100% 100% 100% 10% 
BAT Part C  E-S S-E E-S S-E E-S S-E E-S S-E E-S S-E E-S S-E E-S S-E 
Translation    60% 80% 55% 80% 55% 70% 100% 95% 40% 0% 100% 100% 55% 75% 
Boston Naming Test                             
Expressive Language 63% 8% 82% 25% 15% 18% 65% 50% 0% 0% 80% 70% 100% 8% 
PALPA/EPLA                              
    93% 66% 100% 98% 71% 89% 95% 85% 63% 57% 94% 94% 95% 63% 
PPT-picture version                             
    88% 98% 63% 85% 52% 96% 96% 
CLQT                              
attention   Moderate WNL WNL Mild Severe WNL WNL 
memory   WNL WNL Moderate Severe Severe WNL WNL 
executive functions WNL WNL Mild Severe Severe WNL WNL 
language   WNL WNL WNL Mild Severe WNL WNL 
visuospatial skills Mild WNL WNL Mild Severe WNL WNL 
composite severity  Mild WNL Mild Moderate Severe WNL WNL 
clock drawing WNL WNL WNL WNL Severe WNL WNL 
CLQT Subtests                             
Symbol Cancelation not WNL WNL WNL WNL not WNL WNL WNL 
Symbol Trails WNL WNL WNL not WNL not WNL WNL WNL 
Design Generation not WNL WNL not WNL not WNL not WNL WNL WNL 
Note: Blue highlight indicates BAA with small conflict ratios and generally high performance on diagnostic testing. See Table 13 for a 
summary of abbreviations.  
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8.2.1 Non-linguistic tasks 
Statistical Analyses 
For each group (BAAHigh and BAALow), we conducted two R-ANOVAs for 
each task that examined the effect of Congruency (congruent and incongruent) as the 
repeated measure and Target (NL-Flanker: red and black; NL-Triad: color and shape) as 
the independent variable on percent accuracy and zRT.  An alpha level of 0.05 was used 
for all statistical analyses.  As long as we found the congruency effect in either accuracy 
or RT, we considered that to be indicative of the unimpaired control mechanisms of that 
domain being tested.  See Table 20 at the end of this chapter for a summary of BAAHigh 
and BAALow group averages for percent accuracy and zRT for all tasks.  
8.2.1.1 Flanker task 
NL-Flanker: Accuracy 
BAAHigh 
Similar to NHBA, within-subjects analyses revealed no significant effect of Congruency 
(F(1, 8) = .80, p = .40, ηp² = .09).  Between-subjects analyses revealed no significant 
effect of Target (F(1, 8) = .39, p = .55, ηp² = .05) and no significant Congruency by 
Target interaction effect (F(1, 8) = 3.20, p = .11, ηp² = .28).  These results indicate that 
BAAHigh accuracy is similar for congruent and incongruent conditions.  
BAALow 
In contrast to NHBA results, within-subjects analyses revealed that effect of Congruency 
was trending towards significance (F(1, 14) = 4.04, p = .06, ηp² = .22).  Post hoc LSD 
pairwise comparisons revealed that BAALow were 9% (p = .06) more accurate on the 
 
 
134 
 
congruent condition compared to the incongruent condition, indicating that BAALow 
exhibited the congruency effect for accuracy.  Similar to NHBA results, between-subjects 
analyses revealed no significant effect of Target (F(1, 14) = .03, p = .86, ηp² = .002) and 
no significant Congruency by Target interaction effect (F(1, 14) = .27, p = .61, ηp² = .02).   
See Figure 22a and 22b for BAAHigh and BAALow NL-Flanker accuracy results. 
 
 
 
 
 
Figure 22a, b. Accuracy data for NL-Flanker task (BAAHigh and BAALow). 
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NL-Flanker: Response time 
BAAHigh 
Similar to NHBA, within-subjects analyses revealed a significant effect of Congruency 
(F(1, 8) = 20.88, p < .01, ηp² = .72).  Post hoc LSD pairwise comparisons revealed that 
BAAHigh were .37 z-score units faster (p < .01) on the congruent condition compared to 
the incongruent condition, indicating that BAAHigh exhibited the congruency effect for 
zRT.  Unlike NHBA, between-subjects analyses did not reveal a significant effect of 
Target (F(1, 8) = .86, p = .38, ηp² = .09).    In line with NHBA, there was no significant 
Congruency by Target interaction effect (F(1, 8) = 1.66, p = .23, ηp² = .17).   
BAALow 
Unlike NHBA results, within-subjects analyses did not reveal a significant effect of 
Congruency (F(1, 14) = 1.60, p = .103, ηp² = .10).  Between-subjects analyses revealed a 
significant effect of Target (F(1, 14) = 5.23, p < .05, ηp² = .27).  Similar to NHBA results, 
post hoc LSD pairwise comparisons revealed that BAALow were .18 z-score units faster 
(p < .05) on red targets compared to black targets, indicating that for BAALow there was 
an advantage for speed for red targets.   In line with NHBA, there was no significant 
Congruency by Target interaction effect (F(1, 14) = .01, p = .93, ηp² = 0).  See Figure 23a 
and 23b for BAAHigh and BAALow NL-Flanker zRT results.  See Table 20 at the end of 
this chapter for the expanded congruency effect checklist summary for BAAHigh and 
BAALow NL-Flanker results. 
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8.2.1.2 Triad task 
NL-Triad: Accuracy 
BAAHigh 
Within-subjects analyses revealed a significant effect of Congruency (F(1, 8) = 5.55, p < 
.05, ηp² = .41).  Similar to NHBA, post hoc LSD pairwise comparisons revealed that 
BAAHigh were 5% (p < .05) more accurate on congruent conditions compared to 
incongruent conditions, indicating that BAAHigh exhibited the congruency effect for 
Figure23a, b.  Reaction time data (normalized z-scores) for the NL-Flanker 
task (BAAHigh and BAALow). 
 
 
137 
 
accuracy.  Unlike NHBA, between-subjects analyses revealed no significant effect of 
Target (F(1, 8) = 1.79, p = .22, ηp² = .18).    In line with NHBA, there was no significant 
Congruency by Target interaction effect (F(1, 8) = 1.62, p = .24 ηp² = .16). 
BAALow  
Within-subjects analyses revealed a significant effect of Congruency (F(1, 14) = 41.74, p 
<  .001, ηp² = .75).  Similar to NHBA, post hoc LSD pairwise comparisons revealed that 
BAALow were 35% (p < .001) more accurate on the congruent condition compared to 
the incongruent condition, indicating that BAALow exhibited the congruency effect for 
accuracy.  Between-subjects analyses revealed a significant effect of Target (F(1, 14) = 
12.96, p < .01, ηp² = .48).  Similar to NHBA, post hoc LSD pairwise comparisons 
revealed that BAALow were 20% (p < .01) more accurate on color targets compared to 
shape targets.   Unlike NHBA, there was a significant Congruency by Target interaction 
effect (F(1, 14) = 12.20, p < .01, ηp² = .47).  Post hoc LSD pairwise comparisons revealed 
that for color targets, BAALow were trending (p = .05) towards 16% higher accuracy on 
the congruent condition compared to the incongruent condition, and for shape targets, 
BAALow were 54% (p < .001) more accurate on the congruent condition compared to 
the incongruent condition, indicating that BAALow exhibited the congruency effect on 
color targets and shape targets for accuracy.  See Figure 24a and 24b for BAAHigh and 
BAALow NL-Triad accuracy results.  
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NL-Triad: Response time 
BAAHigh 
Within-subjects analyses revealed a significant main effect of Congruency (F(1, 8) = 
31.77, p < .001, ηp² = .79).  Similar to NHBA, post hoc LSD pairwise comparisons 
revealed that BAAHigh were .30 z-score units (p < .001) faster on the congruent 
condition compared to the incongruent condition, indicating that BAAHigh exhibited the 
congruency effect for zRT.  Unlike NHBA, between-subjects analyses did not reveal a 
Figure 24a, b. Accuracy data for NL-Triad task (BAAHigh and BAALow). 
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significant main effect of Target (F(1, 8) = 1.78, p < .22, ηp² = .18) and there was no 
significant Congruency by Target interaction effect F(1, 8) = 1.79, p = .21, ηp² = .18).   
BAALow 
Within-subjects analyses revealed a significant effect of Congruency (F(1, 14) = 7.57, p 
< .05, ηp² = .35). Similar to NHBA, post hoc LSD pairwise comparisons revealed that 
BAALow were .40 z-score units (p < .05) on the congruent condition compared to the 
incongruent condition, indicating that BAA exhibited the congruency effect for zRT.  
Unlike NHBA, between-subjects analyses did not reveal a significant effect of Target 
(F(1, 14) = 1.19, p = .30, ηp² = .08) and there was no significant Congruency by Target 
interaction effect (F(1, 14) = .20, p = .66, ηp² = .01).  See Figure 25a and 25b for 
BAAHigh and BAALow NL-Triad zRT results. See Table 20 at the end of the chapter for 
the extended congruency effect checklist summary for BAAHigh and BAALow NL-
Triad results. 
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8.2.2 Linguistic tasks 
Statistical Analyses for Linguistic Flanker and Linguistic Triad Tasks 
For each group (BAAHigh and BAALow) and task (L-Flanker and L-Triad), two 
R-ANCOVAs examining the effect of Congruency (congruent and incongruent) as the 
repeated measure and Target (English and Spanish) as the independent variable on 
percent accuracy and zRT were performed.  Since the three covariates (LExperience, 
Figure 25a, b. Reaction time data (normalized z-scores) for NL-Triad task 
(BAAHigh and BAALow). 
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LExposure and LAR) used in the first level analyses of linguistic tasks revealed similar 
results across tasks for accuracy and zRT, for the follow up linguistic analyses we 
decided to use only LExperience as the covariate.   
 
8.2.2.1 Flanker Task 
L-Flanker with LExperience covariate: Accuracy 
BAAHigh 
Similar to NHBA, within-subjects analyses revealed no significant effect of Congruency 
(F(1, 7) = 1.37, p = .28, ηp² = .16), indicating that when language proficiency was taken 
into account, BAAHigh did not exhibit the congruency effect for accuracy.  Like NHBA, 
between-subjects analyses revealed no significant effect of Target (F(1,7) = .03, p = .86, 
ηp² = .01), no significant effect of covariate (F(1, 7) = .12, p = .74, ηp² = .02) and no 
significant Congruency by Target interaction effect (F(1, 7) = .32, p = .59, ηp² = .04).  
Finally, there was no significant Congruency by covariate interaction effect (F(1, 7) = 
3.67, p = .10, ηp² = .34). 
BAALow 
BAA results for this task were very similar to the NHBA results. Within-subjects 
analyses revealed no significant effect of Congruency (F(1, 13) = 1.55, p = .23, ηp² = 
.11), indicating that when language proficiency was taken into account, BAA did not 
exhibit the congruency effect for accuracy.  Like NHBA, between-subjects analyses 
revealed no significant effect of Target (F(1, 13) = .001, p = .98,  ηp² = 0).  Additionally, 
there was no significant effect of covariate (F(1, 13)= .12, p = .74, ηp² = .01), no 
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significant Congruency by Target interaction effect (F(1, 13) = .03, p = .86, ηp² = .002), 
and no significant Congruency by covariate interaction effect (F(1, 13) = .32, p = .58, ηp² 
= .02).  See Figure 26a and 26b for BAAHigh and BAALow L-Flanker with LExperience 
covariate accuracy results. 
 
 
 
 
 
 
Figure 26a, b. Accuracy data for L-Flanker task with LExperience covariate (BAAHigh and 
BAALow). 
 
 
 
143 
 
L-Flanker with LExperience covariate: Response time 
BAAHigh 
Similar to NHBA, within-subjects analyses revealed no significant effect of Congruency 
(F(1, 7) = 3.05, p = .12, ηp² = .30), indicating that when language proficiency was taken 
into account, BAAHigh did not exhibit the congruency effect for zRT. Between-subjects 
analyses revealed a significant effect of Target (F(1, 7) = 6.99, p < .05, ηp² = .50). Like 
NHBA, post hoc LSD pairwise comparisons revealed that BAAHigh were .33 z-score 
units faster (p < .05) on English targets compared to Spanish targets, indicating that when 
accounting for language proficiency, BAAHigh were still faster on English targets 
compared to Spanish targets.  Unlike NHBA, there was no significant effect of covariate 
(F(1, 7) = 1.34, p = .28, ηp² = .16) .  In accordance with NHBA, there was no significant 
Congruency by Target interaction effect (F(1, 7) = .68, p = .43, ηp² = .09) and no 
significant Congruency by covariate interaction effect (F(1, 7) = 1.57, p = .25, ηp² = .18) .  
BAALow  
Similar to NHBA, within-subjects analyses revealed no significant effect of Congruency 
(F(1, 13) = 1.78, p = .21, ηp² = .12), indicating that when language proficiency was taken 
into account, BAALow did not exhibit the congruency effect for zRT.  Unlike NHBA, 
between-subjects analyses did not reveal a significant effect of Target (F(1, 13) = 2.27, p 
= .16, ηp² = .15) and there was no significant effect of covariate (F(1, 13) = .284, p = .60, 
ηp² = .02).  In line with NHBA, there was no significant Congruency by Target 
interaction effect (F(1, 13) = .01, p = .94, ηp² = 0) and no significant Congruency by 
covariate interaction effect (F(1, 13) = 3.21, p = .10, ηp² = .20).   See Figure 27a and 27b 
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for BAAHigh and BAALow L-Flanker with LExperience, covariate zRT results.  See 
Table 20 at the end of the chapter for an extended congruency effect checklist summary 
for BAAHigh and BAALow L-Flanker results. 
 
 
 
  
 
 
 
 
 
Figure 27a, b.  Reaction time data (normalized z-scores) for L-Flanker task with 
LExperience covariate (BAAHigh and BAALow). 
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8.2.2.2 Triad task 
L-Triad with LExperience covariate: Accuracy 
BAAHigh 
Within-subjects analyses revealed a significant effect of Congruency (F(1, 7) = 11.10, p 
< .05, ηp² =.61), indicating that when language proficiency (i.e., LExperience covariate) 
was taken into account, BAAHigh exhibited the congruency effect for accuracy.  Post 
hoc LSD pairwise comparisons were not significant for any model, but revealed that 
BAAHigh were .3% more accurate (p = .93) on the congruent condition relative to the 
incongruent condition.  Like NHBA, between-subjects analyses revealed no significant 
effect of Target (F(1, 7) = .66, p = .44, ηp² = .09).  There was a significant Congruency 
by Target interaction effect (F(1, 7) = 7.9, p < .05, ηp² = .53).  Similar to NHBA, post hoc 
LSD pairwise comparisons revealed that BAAHigh were more 13% more accurate on the 
English congruent condition compared to the English incongruent condition (p = .06) and 
BAAHigh were 13% less accurate on the Spanish congruent condition compared to the 
Spanish incongruent condition ( p = .06), indicating that when controlling for language 
proficiency, BAAHigh exhibited the congruency effect for accuracy for English targets 
only.  There was also a significant Congruency by covariate interaction (F(1, 7) = 12.17, 
p < .01, ηp² = .64).      
BAALow  
In contrast to NHBA results, within-subjects analyses revealed no significant effect of 
Congruency (F(1, 13) = .49, p = .50, ηp² = .04), indicating that when accounting for 
language proficiency, BAALow did not exhibit the congruency effect on accuracy.  
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Similar to NHBA, between-subjects analyses revealed no significant effect of Target 
(F(1, 13) = .16, p = .70, ηp² = .01), indicating that when controlling for language 
proficiency, BAALow demonstrated no difference in accuracy between English targets 
and Spanish targets.  In accordance with NHBA there was no significant effect of 
covariate for (F(1, 13) = .31, p = .59, ηp² = .02).  In contrast to NHBA, there was no 
significant Congruency by Target interaction effect (F(1, 13) = .54, p = .48, ηp² = .04).  
Finally, again in contrast to NHBA, there was no significant Congruency by covariate 
interaction effect (F(1, 13) = .30, p = .59, ηp² = .02).  See Figure 28a and 28b for 
BAAHigh and BAALow L-Triad with LExperience covariate accuracy results. 
 
  
Figure 28a, b.  Accuracy data for L-Triad task with LExperience covariate 
(BAAHigh and BAALow). 
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L-Triad with LExperience covariate: Response time  
BAAHigh 
Unlike NHBA, within-subjects analyses did not reveal a significant effect of Congruency 
(F(1, 7) = .51, p = .51, ηp² = .07), indicating that when language proficiency was taken 
into account, BAAHigh did not exhibit the congruency effect for zRT.  Between-subjects 
analyses revealed a significant effect of Target (F(1, 7) = 7.15,  p < .05, ηp² = .50).  
Similar to NHBA, post hoc LSD pairwise comparisons revealed that BAAHigh were .22 
z-score units faster on English targets compared to Spanish targets (p < .05), indicating 
that even when language proficiency was  accounted for, BAAHigh were faster on 
English targets compared to Spanish targets.  Unlike NHBA, there was no significant 
effect of covariate (F(1, 7) = .18, p = .68, ηp² = .03), indicating no relationship between 
covariates and the dependent variable.  There was a significant Congruency by Target 
interaction effect (F(1, 7) = 7.23, p < .05, ηp² = .51).  Like NHBA, post hoc LSD pairwise 
comparisons revealed that for English targets, BAAHigh were .54 z-score units faster on 
the congruent condition compared to the incongruent condition (p < .05), and for the 
Spanish targets, there was no significant difference between the congruent condition and 
the incongruent condition (p = .19), indicating that when language proficiency was 
accounted for, BAAHigh exhibited the congruency effect for speed on English targets 
only.  Unlike NHBA, there was no significant Congruency by covariate interaction effect 
(F(1, 7) = 1.45, p = .27, ηp² = .17), indicating no relationship between the covariate and 
variable. 
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BAALow 
In contrast to NHBA, within-subjects analyses revealed no significant effect of 
Congruency (F(1, 13) = .48, p = .50, ηp² = .04).  Also in contrast to NHBA, between-
subjects analyses revealed no significant effect of Target  (F(1, 13) = .15, p = .70, ηp² = 
.01), indicating that when language proficiency was accounted for, BAA did not show a 
difference in zRT between English and Spanish targets.  Additionally, there was no 
significant effect of covariate (F(1, 13) = .31, p = .59, ηp² = .02).  In contrast to NHBA, 
there was no significant Congruency by Target interaction effect (F(1, 13) = .54, p = .48, 
ηp² = .04), indicating that when language proficiency was accounted for, BAALow did 
not exhibit the congruency effect for speed for either English or Spanish targets.  Finally, 
there was no significant Congruency by covariate interaction effect (F(1, 13) = .30, p < 
.59, ηp² = .02), indicating that none of the covariates influenced the data.  See Figure 29a 
and 29b for NHBA and BAA L-Triad with LExperience covariate zRT results.  See Table 
20 at the end of the chapter for the congruency effect checklist summary for BAAHigh 
and BAALow L-Triad results. 
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Figure 29a, b.  Reaction time (normalized z-score) for L-Triad task with LExperience          
(BAAHigh and BAALow). 
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Table 20. Mean percent accuracies, standard deviations, and reaction time z-values for BAAHigh and BAALow. 
Task Target 
BAAHigh 
 
BAALow 
Accuracy 
 
zRT 
 
Accuracy 
 
zRT 
Congruen
t 
 
Incongruen
t 
 
Congruen
t 
 
Incongruen
t 
 
Congruen
t 
 
Incongruen
t 
 
Congruen
t 
 
Incongruen
t 
M SD 
 
M SD 
 
M SD 
 
M SD 
 
M SD 
 
M SD 
 
M SD 
 
M SD 
Non-
linguistic 
Flanker 
Black 97 4 
 
98 3 
 
-.10 .12 
 
.17 .11 
 
83 18 
 
72 35 
 
.03 .25 
 
.20 .46 
Red 97 7 
 
94 7 
 
-.27 .23 
 
.21 .18 
 
83 21 
 
76 27 
 
-.14 .21 
 
.01 .20 
Total 97 6   96 5   -.19 .18   .19 .15   83 20   74 31   -.05 .23   .11 .33 
Non-
linguistic 
Triad 
Color 98 2 
 
91 10 
 
-.20 .18 
 
.03 .24 
 
85 10 
 
69 20 
 
-.25 .10 
 
.21 .29 
Shape 99 1 
 
97 3 
 
-.10 .13 
 
.27 .29 
 
85 13 
 
30 18 
 
-.08 .23 
 
.25 .57 
Total 99 2   94 7   -.15 .16   .15 .27   85 12   50 19   -.17 .17   .23 .43 
Linguistic 
Flanker 
English 95 4 
 
89 4 
 
-.32 .23 
 
-.09 .31 
 
71 21 
 
66 19 
 
-.08 .44 
 
-.04 .26 
Spanish 93 6 
 
91 10 
 
.10 .32 
 
.36 .20 
 
71 18 
 
67 21 
 
.02 .26 
 
.12 .28 
Total 94 5   90 7   -.11 .35   .13 .34   71 20   67 20   -.03 .36   .04 .28 
Linguistic 
Triad 
English  96 3 
 
72 16 
 
-.40 .16 
 
.26 .19 
 
59 15 
 
60 22 
 
.01 .28 
 
.04 .28 
Spanish 70 17 
 
94 3 
 
.37 .27 
 
-.02 .12 
 
59 17 
 
54 19 
 
-.03 .32 
 
.01 .19 
Total 83 10   83 10   -.02 .46   .12 .21   59 16   57 21   -.01 .29   .02 .23 
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Table 21. Expanded congruency checklist for all tasks for NHBA, BAAHigh and 
BAALow. 
   
NHBA                         
(n = 20) 
BAAHigh           
(n = 5) 
BAALow              
(n = 8) 
Task acc RT acc RT acc RT 
Non-linguistic Flanker  X    X     X 
Linguistic Flanker 
Experience.cov 
 X  X  X  X  X  X 
Linguistic Flanker 
LExposure.cov 
 X  X  X  X  X  X 
Linguistic Flanker LARcov  X  X  X  X  X  X 
                  
Non-linguistic Triad             
Linguistic Triad 
LExperience.cov 
         X  X 
Linguistic Triad 
LExposure.cov 
         X  X 
Linguistic Triad LARcov      X  X  X  X 
Note: The congruency effect is notated by a ; no congruency effect is notated by an 
X, NHBA = neurologically healthy adults, BAAHigh = bilingual adults with high 
diagnostic scores, BAALow = bilingual adults with aphasia with low diagnostic 
scores, LExperience = language experience, LExposure = language exposure, LAR = 
language ability rating, cov = covariate. 
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CHAPTER NINE 
DISCUSSION 
The primary goal of this project was to examine inhibitory control mechanisms in 
linguistic and non-linguistic contexts in bilingual aphasia and examine evidence in 
support of domain general vs. domain specific cognitive control.  All participants 
completed two linguistic tasks and two non-linguistic tasks that were matched on low and 
high levels of complexity.  Specifically, the two low complexity tasks included one non-
linguistic flanker task (NL-Flanker) and one linguistic flanker task (L-Flanker), both of 
which required less processing demands compared to the high complexity tasks that 
included one non-linguistic triad (NL-Triad) and one linguistic triad (L-Triad).  All tasks 
required a specific type of control, resistance to distractor interference, in which the 
distractors that must be suppressed were presented simultaneously alongside the target 
stimuli. Each task included a congruent condition in which the distracting stimuli 
facilitated a quick response, as well as an incongruent condition in which the distracting 
stimuli interfered with a quick response. To identify positive effects of control in non-
linguistic or linguistic contexts, we expected the congruent condition to elicit higher 
accuracy and/or faster RTs compared to the incongruent condition within each task.  We 
call this pattern the congruency effect.  As discussed in Chapter 7, we expected NHBA to 
demonstrate the congruency effect on all tasks because this pattern reflects healthy 
mechanisms of control. Similar to previous studies (Gray & Kiran, 2015; Green et al., 
2010; Verreyt et al., 2013), we consider accuracy and/or RT results that reflect the 
congruency effect to be indicative of unimpaired control mechanisms in that domain (i.e., 
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linguistic or non-linguistic).  In this study, we began with two groups, NHBA and BAA.  
As shown in the results, the individual conflict ratios showed that two subgroups emerged 
that corresponded to language impairment severity.  BAA with greater language 
impairment marked by low diagnostic scores were grouped together (BAALow) and 
BAA with less severe language impairment marked by higher diagnostic scores were 
grouped together (BAAHigh).   
The primary goal of the project was to examine evidence for domain general 
cognitive control or domain specific cognitive control processing as reflected by 
congruency effects on linguistic and non-linguistic tasks that varied by complexity. For 
findings indicative of domain specific cognitive control, results should show 1) the 
congruency effect on both linguistic tasks and no congruency effect on the non-linguistic 
tasks, or 2) the congruency effect on both non-linguistic tasks and no congruency effect 
on the linguistic tasks.  For findings indicative of domain general cognitive control, 
results should show one of two patterns in the data: 1) the congruency effect on all tasks, 
or 2) the congruency effect on no tasks.  However, to account for task complexity, a few 
different patterns may emerge in the data. It could be that results on the low complexity 
tasks are indicative of domain specific cognitive control and results on the high 
complexity tasks are indicative of domain general cognitive control (or vice versa).   
Results showed that on the low complexity tasks, NHBA showed the congruency 
effect on the NL-Flanker, indicating that participants were either less accurate or took 
longer to suppress the incongruent distractors compared to the congruent distractors; 
however, NHBA did not show the congruency effect on the L-Flanker, indicating no 
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difference in interference from distractors on the incongruent condition relative to the 
congruent condition. These results suggest a dissociation between mechanisms of 
language control and cognitive control which indicates domain specific cognitive control 
and are in line with studies that also show a dissociation (i.e., no overlap) between 
linguistic and non-linguistic control (e.g., Calabria et al., 2012; Weissberger et al., 2012).  
For instance, Calabria et al. (2012) showed that older participants demonstrated age-
related control deficits in the non-linguistic control task but not in a linguistic control 
task. 
A different pattern emerged when we examined the NHBA performance on the 
high complexity tasks.  NHBA showed the congruency effect on the NL-Triad and on the 
L-Triad, indicating this group showed more interference (i.e., as marked by lower 
accuracy and longer RTs for the incongruent condition relative to the congruent 
condition), thus providing evidence for domain general cognitive control.  This result is 
in line with studies that show an association (i.e., an overlap) between linguistic and non-
linguistic control (e.g., Festman et al., 2010; Solveri et al, 2011).  For instance, Festman 
et al. (2010) found that bilingual language experience influenced outcomes on non-
linguistic control tasks, thus providing evidence of an overlap between linguistic and 
non-linguistic control mechanisms.  Therefore, NHBA results show that for tasks of low 
complexity, there is a dissociation between linguistic and non-linguistic mechanisms of 
control which is indicative of domain specific cognitive control, and for tasks of high 
complexity, there is an association between linguistic and non-linguistic mechanisms of 
control which is indicative of domain general cognitive control. In sum, effects of task 
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complexity play a role in our findings that account for how control mechanisms play out 
in linguistic and non-linguistic contexts.  Findings are represented in Figure 30. 
 
 
 
 
Now we turn to the BAA results which are similar to NHBA.  For the NL-flanker, 
BAA were more accurate on the congruent condition compared to the incongruent, but 
did not show the same effects of congruency on the L-Flanker. These results on the low 
complexity results are indicative of domain specific cognitive control.  This finding is 
supported by patient studies that evaluate linguistic and non-linguistic control in bilingual 
aphasia (e.g., Dash & Kar, 2014; Gray & Kiran, 2015).  For instance Gray and Kiran 
(2015) found that bilingual patients with aphasia demonstrated unimpaired non-linguistic 
control mechanisms and impaired linguistic control mechanisms.   
In contrast to the low complexity tasks but similar to NHBA group, BAA show 
greater accuracy and/or faster RT the congruent condition relative to the incongruent 
condition on both the NL-Triad and L-Triad tasks.  These results are indicative of of 
Figure 30.  Schematic of NHBA linguistic and non-linguistic control 
mechanisms processing information in low complexity and high 
complexity contexts. 
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domain general cognitive control.  Patient studies that support this finding have also 
found an overlap control mechanisms (Green et al, 2010; Verreyt et al., 2013b).  For 
instance, Verreyt et al. 2013b identified impaired control in the linguistic and non-
linguistic domains and this provides evidence of overlapping linguistic and non-linguistic 
control mechanisms.  When we examine BAA data as a group of 13 patients, the results 
mirror those of NHBA.  For the low complexity tasks that employ linguistic and non-
linguistic control, these mechanisms do not overlap (indicative of domain specific 
cognitive control), but as the complexity across domains increases, the mechanisms 
engage and an association (indicative of domain general cognitive control) between the 
control mechanisms is observed.  Findings are represented in Figure 31. 
 
 
 
While the pattern of BAA are consonant with that of the NHBA, analysis of the 
conflict ratios reveal a more complex picture.  Recall that the purpose of examining 
conflict ratios was to capture the magnitude of conflict NHBA and BAA were exhibiting 
on each task.  At this point in the data analyses, NHBA and BAA results began to 
Figure 31.  Schematic of BAA linguistic and non-linguistic control 
mechanisms processing information in low complexity and high 
complexity contexts. 
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diverge.  NHBA did not show any difference between conflict ratios for any task, 
indicating that NHBA who demonstrated congruency effects did not show greater 
magnitudes of conflict on linguistic tasks compared to non-linguistic tasks.  In contrast, 
BAA who also demonstrated congruency effects showed greater magnitude of conflict on 
the NL-Triad task compared to the L-Triad task.  
Upon closer examination of the BAA conflict ratios, two subgroups emerged.  
Specifically, on the NL-Triad five BAA had lower conflict ratios compared to eight BAA 
who had higher conflict ratios.  Surprisingly, these groups corresponded to individual 
patients’ standardized diagnostic testing scores in Spanish and English such that the five 
BAA with low conflict ratios were less severely impaired linguistically (i.e., the 
BAAHigh group) and the eight BAA with high conflict ratios were more severely 
impaired linguistically (i.e., the BAALow group).  With these two groups, the patient 
data begins to tell a new story.   
Findings from the BAAHigh group are in line with NHBA data: results on the low 
complexity tasks provide evidence in support of domain specific cognitive control, 
whereas results on the high complexity tasks provide evidence in support of domain 
general cognitive control.  These findings show that control mechanisms of higher 
functioning patients are operating in similar patterns compared to NHBA.  Now we turn 
our focus on the BAALow who present interesting results.  On the low complexity tasks, 
this group also provides evidence of domain specific cognitive control; however, it is 
compelling that on the high complexity tasks, BAALow show the congruency effect on 
the NL-Triad but do not show the congruency effect on the L-Triad.  On the surface, 
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these findings provide evidence that in patients who are more severely impaired 
linguistically (as marked by low scores on diagnostic test results), mechanisms of 
linguistic and non-linguistic control do not appear to overlap which provides evidence in 
support of domain specific cognitive control.  This presentation of control mechanisms is 
captured in Figure 32.  When BAALow are engaging mechanisms of linguistic and non-
linguistic control in low complexity or high complexity contexts, the control mechanism 
does not overlap.  
 
 
 
Another interpretation of the BAALow results is that the severity of language 
impairment may overshadow language control.  In other words, patients with severe 
deficits in lexical access cannot even access the lexical representation of the meaning of a 
word, much less attempt to control potential interference caused by the non-target 
language.  It may be that if BAALow had more time to process the lexical representation 
of the stimuli, then mechanisms of linguistic control could engage and congruency effects 
would be observed.  It is clear that this is the tip of the iceberg and that this issue cannot 
Figure 32.  Schematic of BAALow linguistic and non-linguistic control 
mechanisms processing information in low complexity and high complexity 
contexts. 
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be resolved with this data set.  These results beg for future studies that examine this issue 
that suggests impaired lexical access upstages language control.   
Another interesting finding is that based on conflict ratios, both BAAHigh and 
BAALow exhibit greater magnitudes of conflict on the NL-Triad compared to other 
tasks, suggesting some level of non-linguistic control difficulty.  There is evidence that 
provides support for cognitive impairment in persons with aphasia (Abutalebi, Della-
Rosa, Green, 2012; Hunting-Pompon, Kendall, & Moore, 2011; Purdy, 2002), and it 
could be that although some standardized tests do not identify high level cognitive 
control deficits in aphasia, non-linguistic control impairment can still emerge provided 
the particular task is sensitive to the deficit (e.g., the non-linguistic low and high 
complexity control tasks in the present study).  There is a body of evidence that suggests 
a connection between better language skills and less severely impaired executive 
functioning skills (Miyake, Emerson, & Friedman, 2000; Purdy, 1992).  Therefore, it 
could be that greater neurological impairment is accompanied by greater deficits in both 
linguistic and non-linguistic domains, and this is why the BAALow group show greater 
magnitudes of conflict for the NL-Flanker and the NL-Triad tasks.  
Another unique aspect of the present study is that the tasks were structured to 
increase in complexity.  This factor in task design strengthens our findings because 
complexity appears to play a role, for patients and controls.  If the present study had only 
employed the low-level complex flanker tasks, results would have been indicative of 
domain specific cognitive control because all participants exhibited the congruency effect 
on the NL-Flanker but did not exhibit the congruency effect on the L-Flanker.  However, 
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because the high-level complex triad tasks were included in the methodology, it was clear 
that for NHBA and BAAHhigh, linguistic control and non-linguistic control mechanisms 
overlapped on the high complexity tasks but did not overlap on the low complexity tasks. 
These findings are important to consider when interpreting BAALow results that do not 
demonstrate congruency effects on the L-Triad task, thus indicating a dissociation 
between linguistic control and non-linguistic control on tasks of both high and low 
complexity.  To summarize, for NHBA and BAAHigh, complexity plays an important 
role because simple linguistic tasks do not elicit effects of congruency.  In turn, for 
BAALow, complexity does not influence their ability to complete a linguistic control task 
because this group did not demonstrate the congruency effect on the low complex or high 
complex linguistic task. 
There are some other interesting findings in this study that include (a) inherent 
variability in BAA data, (b) on the NL-Flanker, red targets were faster than black targets, 
(c) on the NL-Triad, color targets were faster and more accurate than shape targets, (d) on 
the L-Triad, only the English targets exhibit the congruency effect, and (e) on the L-
Triad, the Spanish targets exhibit the inverse congruency effect. 
A. Inherent variability in BAA data 
An inescapable aspect of bilingual aphasia data is the inherent variability that 
accompanies it.  There were a few patients who did not strictly fit into the BAAhigh 
group or BAALow group for diagnostic testing even though they were matched with the 
respective groups based on conflict ratios.  For instance, BAA3 was on the lower side of 
the BAAHigh group for diagnostic scores, whereas BAA10 demonstrated high diagnostic 
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scores compared to the other patients in the BAALow group.  For the BAAHigh group, 
all of these patients are high functioning individuals who are independent.  Some of them 
are still working, live alone, or are traveling the world independently.  Even BAA3, 
although she demonstrated lower scores on the diagnostic tests compared to others in the 
BAAHigh group, is able to complete everyday tasks, keep track of her appointments, and 
maintain a sense of independence.  In contrast, the patients who make up the BAALow 
group, are less independent, fatigue quickly and require caregivers to manage their day-
to-day activities.  Even BAA10, although scoring very high on the diagnostic testing, 
requires a caregiver to assist her with everyday activities, manage her appointments, and 
she fatigues quickly, as well.  In sum, there some are exceptions to the BAAHigh and 
BAALow groups and their diagnostic testing scores; however, based on conflict ratios, 
they categorize well and given the dynamic group factors that accompany bilingual adults 
with aphasia, it is impressive that we were able to categorize the patients into subgroups. 
B. NL-Flanker: red targets were faster than black targets 
On the NL-Flanker task, it was unexpected that participants would be faster on 
red targets compared to black targets.  However, these results appear to be consistent with 
other research that reveals that after the distinction between black and white, the ability to 
perceive and distinguish red from other colors is next salient (King, 2005), indicating that 
the human eye is more drawn to the color red.  Further, red is a unique color marked by 
emotional undertones, aposematic (i.e., warning) signals and has been documented as 
influencing cognition and behavior in achievement (for a review, see Elliot & Maier, 
2014).  Thus, due to the unique characteristics that accompany the color red, perhaps 
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these effects are extended to the present stimuli set and contribute to our findings in 
which participants responded faster to red targets (that were flanked by black distractors) 
compared to black targets (that were flanked by red distractors).    
C. NL-Triad: color targets were faster and more accurate than shape targets 
Another unexpected finding was that on the NL-Triad, it was observed that color 
targets were generally faster and more accurate than shape targets, suggesting that the 
dimension of color is easier to match compared to the dimension of shape.  These 
findings align with Calabria et al. (2012) who found that in a color/shape sorting task, the 
color condition resulted in less errors compared to the shape condition, indicating that 
colors were easier to match than shapes.  Calabria et al. (2012) also found that 
participants incurred shorter response times when switching into the shape condition 
from the color condition compared to the vice versa switch, indicating that color is the 
‘easier’ condition.  This interpretation of the asymmetrical switch cost phenomenon is 
supported by the extensively documented task-switching literature (e.g., Koch, Gade, 
Schuch, & Philipp, 2010; Monsell, 2003; Martin, Barcelo, Hernandez, & Costa, 2011).  
Finally, the color targets in the NL-Triad task evoked a smaller congruency effect 
compared to shape targets, indicating more conflict for shape targets, thus providing more 
evidence in support of the notion that matching by color is easier than matching by shape.  
D. L-Triad: only the English targets exhibit the congruency effect 
Interesting patterns in the data were also found on the linguistic tasks.  For 
instance, on the L-Flanker task and the L-Triad task, it was observed that after controlling 
for language proficiency, participants were faster on English targets compared to Spanish 
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targets.  Although relatively surprising, this is not a novel finding.  In our previous work, 
Gray and Kiran (2013), we found a similar pattern in the data.  In 2013, we asked a 
heterogeneous group (i.e., English and Spanish dominant) of nineteen bilingual adults 
with aphasia to complete a battery of diagnostic tests in Spanish and English.  We then 
ran a Pearson pairwise correlation to identify significant connections between the 
diagnostic scores that represented specific levels of language (e.g., receptive language, 
translation, non-verbal semantics, etc.).  Results revealed that there were more significant 
correlations between the English scores and these correlations were higher than those for 
Spanish. It was hypothesized that because all patients were tested in an English dominant 
country, the trends in the data were bias toward English and that theoretically we would 
see opposite patterns if we tested patients in a Spanish dominant country.  Supporting 
evidence for these effects is found in Kastenbaum et al. (2015).  In this study 109 healthy 
bilinguals with a variety of L1s (Kannada, Hindi, Chinese, Spanish, or Turkish) and L2 
English were asked to perform a category generation task in L1 and L2.  All participants 
were tested in the United States except the Turkish-English (tested in Turkey) and 
Kannada-English bilinguals (tested in India)  Results revealed that after controlling for 
proficiency and exposure to each language, all participant groups, except the Turkish-
English bilinguals, named more items in English compared to L1, suggesting that 
location (aka environment) may play a role in lexical access.  It is noted that the 
Kannada-English participants produced equal number of items in both L1 and L2, and it 
is hypothesized that because the bilingual environment in India has a strong English 
presence and individuals experience a high rate of code-switching with L1 and English, 
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this unique behavior may account for the high number of items named in English. 
E. L-Triad: Spanish targets exhibited the inverse congruency effect 
Finally, another unanticipated observation on the L-Triad task, was that after 
accounting for language proficiency, Spanish targets evoked the inverse congruency 
effect (i.e., incongruent targets were more accurate and trending towards being faster than 
congruent targets).  The Spanish congruent condition consists of three words in Spanish, 
and participants did not benefit from the within-language stimuli, as demonstrated by 
higher rates of errors and slower RTs compared to the counterpart Spanish incongruent 
condition.  It could be that because the Spanish incongruent condition consists of two 
Spanish words and one English word, participants benefitted from the English word and 
this increased the accuracy (or decreased the speed) for the incongruent condition relative 
to the congruent condition.  In other words, if participants did not know the Spanish 
words, they were able to use the English word as a launching pad to make a correct or 
fast response; however, this was not possible on the Spanish congruent condition.  It 
could be that this group of participants is more accustomed to testing and reading in 
English compared to Spanish.  Also, living in an English dominant country has the 
potential to impact the trends observed in the results.   
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CHAPTER TEN 
CONCLUSIONS 
10.1 General conclusions 
To summarize, the primary goal of this study was to explore inhibitory control 
mechanisms in linguistic and non-linguistic contexts in bilingual aphasia and examine 
evidence in support of domain general vs. domain specific cognitive control.  Findings 
from previous studies are conflicting where some show an association between these 
control mechanisms and other show a dissociation.  In our previous work, Gray and Kiran 
(2015), we employed one linguistic and one non-linguistic control task, and results 
revealed that for patients there was a dissociation between language control and cognitive 
control. However, in that study we found that the linguistic control task was not strong 
enough to tax the language control system in our healthy participants.  To that end, for 
the present study we redesigned our experimental paradigms to better examine language 
control in bilingual aphasia and to extend our previous findings.  As discussed in 
Chapters 6 and 7, it is vital that receptive language tasks are employed in order to 
differentiate between deficits in lexical access and deficits in language control in this 
patient population.  By systematically controlling for this task constraint, in the present 
study we employed two linguistic and two non-linguistic tasks that tapped resistance to 
distractor interference and increased in task difficulty.  First we analyzed the BAA data 
as one group (BAA) and results mirrored the controls; however, when we separated the 
BAA into groups based on level of language impairment, we found that the group with 
higher accuracy on language testing (BAAHigh) performed similarly to NHBA on the 
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linguistic and non-linguistic control tasks.  NHBA and BAAHigh results indicate that on 
low complexity tasks, linguistic and non-linguistic control mechanisms do not overlap 
and this is indicative of domain specific cognitive control, whereas on high complexity 
tasks, these control mechanisms show an overlap and this is indicative of domain general 
cognitive control.  In contrast, BAALow results suggest that on low complexity and high 
complexity tasks, linguistic and non-linguistic control mechanisms do not overlap, thus 
providing evidence of domain specific cognitive control, suggesting that contrary to 
healthy controls or less severely impaired patients, when a patient is more severely 
impaired, they way in which mechanisms of linguistic and non-linguistic control engage 
have been altered.  It is postulated that this outcome may be a result of severe deficits in 
lexical access and that mechanisms of linguistic control need not engage if a patient 
cannot access the lexical representation of a word.   
To the best of our knowledge, this is the only study that examines language 
control in bilingual aphasia that has incorporated task complexity and has compared two 
groups of BAA based on high and low lexical access and language control impairment. 
All BAA have the potential to have language control impairment, but the examination of 
patient data grouped by language severity facilitates a more careful examination of how 
language control in bilingual aphasia is specific to the language domain. 
 
10.2 Study limitations 
Based on the experimental paradigms used in the present study, the BAAHigh 
group did not demonstrate linguistic control deficits as measured by congruency effects, 
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whereas the BAALow group did demonstrate linguistic control deficits.  However, the 
lack of NHBA language control deficits observed on the linguistic tasks could simply be 
a function of a few different variables.  The most explicit example of language control 
impairment is when an individual inadvertently speaks in the non-target language, yet it 
was important that the linguistic tasks in this present study employ receptive language.  
BAA have the potential to present with deficits in lexical access and deficits in language 
control; therefore, an error on an expressive language task would be inconclusively 
related to either deficit.  In sum, BAAHigh group was high functioning and although they 
exhibit some language control deficits as measured on the BAT Part C, perhaps a more 
challenging task would elicit language control deficits.  
 
10.3 Future directions 
The experimental paradigms of the present study focused on resistance to 
distractor interference.  In addition to that type of cognitive control, Friedman and 
Miyake (2004) identified two other types of control: prepotent response inhibition and 
resistance to proactive interference. It is logical that the next step in this focus of study 
should systematically incorporate those types of cognitive control into the experimental 
paradigms that include linguistic and non-linguistic control tasks.  Conducting such a 
study will provide valuable information regarding how bilingual individuals with aphasia 
are processing different types of control in linguistic and non-linguistic contexts. Another 
future direction could explore the notion that because patients with severe deficits have 
difficulty accessing lexical representations, this challenge dominates their language 
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processing and does not allow them to inhibit the non-target language.  Based on this, 
subsequent studies could systematically alter the timing of the stimuli presentation 
because with more time, patients with severe deficits in lexical access may be able to 
access lexical representations and then engage language control mechanisms. 
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Appendix 1 
Language Use Questionnaire  
(for patients) 
Directions for person administering this questionnaire: 
 
1. Answer ALL questions. 
 
2. When asking questions about the participant’s lifetime exposure, 
put the questions in context. For example: ‘When you used to 
work at the restaurant, did you speak English during your shift or 
did you speak your first language?’ OR ‘How did you spend your 
day?’ OR ‘Who did you talk to regularly?’ 
 
3. When asking questions about the participant’s confidence, create 
a framework/scenario for the participant.  For example, ‘When 
you used to answer the phone at home, did you feel comfortable?’ 
OR ‘When you spoke to your neighbors did you feel comfortable?’ 
OR ‘When you had to talk with your son’s teacher, did you feel 
comfortable speaking English?  Did you feel okay listening to what 
the teacher had to say?’ 
 
4. It is your responsibility to tell the appropriate person in the lab 
that the LUQ is completed and ready to be entered on the master 
spreadsheet. 
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Language Use Questionnaire 
This questionnaire is related to the amount of English and your 
other language (specify) ________________  you have been exposed to in 
your life.   
 
 
1. At what age did you acquire your second language? ___________ 
 
2. 6 months prior to your stroke, what percent of the time did you 
speak English and your other language?  
 
_____%  English     _____%  other language 
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Daily Usage BEFORE Your Stroke 
Directions:  For activity, include what you were engaged in (e.g., breakfast, work, etc.) 
during your regular day.  For partners, include who was interacting with you in the given 
activity (e.g., mother, grandfather, siblings, etc.).  For language(s), use O for Other language, 
E for English, B for both. Home Language Profile/Routine:  WEEKDAY 
Time Activity Conversation 
Partner(s) 
Language(s) 
7am 
 
 
 
  Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
8am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
9am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
10am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
11am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
12pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
1pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
2pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
3pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
4pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
5pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
6pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
7pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
8pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
9pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
10pm   Participant Other                 English                     Both 
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Daily Usage BEFORE Your Stroke 
Directions:  For activity, include what you were engaged in (e.g., breakfast, work, etc.) 
during your regular day.  For partners, include who is interacting with you in the given 
activity (e.g., mother, grandfather, siblings, etc.).  For language(s), use O for Other language, 
E for English, B for both. Home Language Profile/Routine: WEEKEND 
Time Activity Conversation 
Partner(s) 
Language(s) 
7am 
 
 
 
  Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
8am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
9am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
10am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
11am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
12pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
1pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
2pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
3pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
4pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
5pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
6pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
7pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
8pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
9pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
10pm   Participant Other                 English                     Both 
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Daily Usage AFTER Your Stroke 
Directions:  For activity, include what you are engaged in (e.g., breakfast, work, etc.) during 
your regular day.  For partners, include who was interacting with you in the given activity 
(e.g., mother, grandfather, siblings, etc.).  For language(s), use O for Other language, E for 
English, B for both. Home Language Profile/Routine: WEEKDAY 
Time Activity Conversation 
Partner(s) 
Language(s) 
7am 
 
 
 
  Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
8am   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
9am   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
10am   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
11am   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
12pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
1pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
2pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
3pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
4pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
5pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
6pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
7pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
8pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
9pm   Participant Other            English                  Both 
   Partner 
 
Other            English                  Both 
10pm   Participant Other                 English                     
Both 
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Daily Usage AFTER Your Stroke 
Directions:  For activity, include what you are engaged in (e.g., breakfast, work, etc.) during 
your regular day.  For partners, include who was interacting with you in the given activity 
(e.g., mother, grandfather, siblings, etc.).  For language(s), use O for Other language, E for 
English, B for both. Home Language Profile/Routine: WEEKEND 
Time Activity Conversation 
Partner(s) 
Language(s) 
7am 
 
 
 
  Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
8am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
9am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
10am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
11am   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
12pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
1pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
2pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
3pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
4pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
5pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
6pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
7pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
8pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
9pm   Participant Other                 English                     Both 
   Partner 
 
Other                 English                     Both 
10pm   Participant Other                 English                     Both 
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Family Proficiency 
Directions:  Write the age intervals (in years) of when your parents 
have lived in the countries stated below. If they have lived all their life in 
one country please indicate which country. 
 
 Father Mother 
United States 
 
  
Other country 
(specify the country) 
________________ 
 
  
All their life in 
(specify the country) 
________________ 
 
  
Not applicable 
 
  
Directions:  Please rate the ability of the following people in each 
language. Specify the other language____________________________. 
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 Proficiency rating 
Not 
confident 
25% 
confident 
50% 
confident 
75% 
confident 
Strong 
confident 
 Language          
Mother 
English      
Other      
Father 
English      
Other      
Siblings 
English      
Other      
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Educational History 
How many years of education have you had? ___________________ 
 
What was the language you used at school 
during: 
Other English Both 
Elementary? 1 2 3 
High school? 1 2 3 
College? 1 2 3 
Which language did you prefer to speak at 
school during: 
   
Elementary? 1 2 3 
High school? 1 2 3 
College? 1 2 3 
What language did other students speak at 
school during: 
   
Elementary? 1 2 3 
High school? 1 2 3 
College? 1 2 3 
 
Were you taught in any additional languages?  YES      NO 
If so, which language(s)? 
 
Have your language use patterns changed in the last five years? If yes, 
how? 
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Lifetime Exposure 
Directions:  For the following age ranges, please select which language 
you heard, spoke and read the most. For example, if you indicate you 
heard English 75% of the time in the age range of 6-9, it means that you 
heard the other language the remaining 25% of the time. If you were 
exposed only to one language in a specific age range, please select the 
100% box for that language.  
 
 
 
L  A  N  G  U  A  G  E    Y  O U    H   E  A  R  D    T H E    M O S T 
Other language 
100% 
25% English-
75% other 
50%-50% 
75% English- 
25% other 
English 
100% 
Age          
0-3      
3-6      
6-9      
9-12      
12-15      
15-18      
18-21      
21-24      
24-27      
27-30      
30 and up      
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 L  A  N  G  U  A  G  E    Y  O U    S  P  O  K  E    T H E    M O S T 
Other language 
100% 
25% English-
75% other 
50%-50% 
75% English- 
25% other 
English 
100% 
Age          
3-6      
6-9      
9-12      
12-15      
15-18      
18-21      
21-24      
24-27      
27-30      
30 and up      
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 L  A  N  G  U  A  G  E    Y  O U    R  E  A  D    T H E    M O S T 
Other language 
100% 
25% English-
75% other 
50%-50% 
75% English- 
25% other 
English 
100% 
Age          
3-6      
6-9      
9-12      
12-15      
15-18      
18-21      
21-24      
24-27      
27-30      
30 and up      
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Confidence 
Directions:  For the following age ranges please indicate which language 
gave you the most confidence when speaking, hearing and reading it.  
Confidence does not mean the language you used the most.  It means the 
language that gave you the most self-confidence when speaking, listening or 
reading.  For example, it might be possible that between 9-12 years of age you 
heard English at school and your other language at home.  However, you felt 
more self-confident when hearing your other language than English.  If you 
were exposed to only one language in a specific age, answer for the exposed 
language only. 
 C O N F I D E N C E    I N    H E A R I N G 
Not 
confident 
25% 
confident 
50% 
confident 
75% 
confident 
Strong 
confident 
Age Language          
3-6 
English      
Other      
6-9 
English      
Other      
9-12 
English      
Other      
12-15 
English      
Other      
15-18 
English      
Other      
18-21 
English      
Other      
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21-24 
English      
Other      
24-27 
English      
Other      
27-30 
English      
Other      
30 and up 
English      
Other      
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 C O N F I D E N C E    I N    S P E A K I N G 
Not 
confident 
25% 
confident 
50% 
confident 
75% 
confident 
Strong 
confident 
Age Language          
3-6 
English      
Other      
6-9 
English      
Other      
9-12 
English      
Other      
12-15 
English      
Other      
15-18 
English      
Other      
18-21 
English      
Other      
21-24 
English      
Other      
24-27 
English      
Other      
27-30 
English      
Other      
30 and up 
English      
Other      
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 C O N F I D E N C E    I N    R E A D I N G 
Not 
confident 
25% 
confident 
50% 
confident 
75% 
confident 
Strong 
confident 
Age Language          
6-9 
English      
Other      
9-12 
English      
Other      
12-15 
English      
Other      
15-18 
English      
Other      
18-21 
English      
Other      
21-24 
English      
Other      
24-27 
English      
Other      
27-30 
English      
Other      
30 and up 
English      
Other      
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Language Ability Rating 
Before Stroke 
We would like to understand how comfortable you were in English and your other language 
before your stroke. Please circle the number (1-5) that best represented your ability to 
communicate in each speaking and listening situation. Please see the number 
descriptions below: 
1. I am non-fluent and speak at the single word level. 
2. I use phrases to communicate. I understand short sentences.  I understand and can use 
common expressions, greetings, and simple requests. 
3. I can participate in simple one-on-one conversation. I communicate primarily using 
concrete sentences. I do not use elaborate tense changes of grammar when speaking. I can 
read directions, fill out forms, read medications and bus schedules, etc. My comprehension 
is better when competing distractions are not present, e.g. loud background noise. 
4. I can participate in complex conversation, e.g. about detailed opinions, information, 
politics. I incorporate complex tense changes when speaking. I understand detailed 
descriptions or instructions, talk on the phone with ease, can follow dialogue in a movie, 
read newspapers and magazines with ease. 
5. Native fluency. I speak this language like my first language. I can explain a concept in 
multiple ways, I have metacognition (you know grammar is correct because it "sounds" 
right); I have a rapid, automatic speech rate with minimal word retrieval problems. I 
understand the majority of idioms, slang, and proverbs. 
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Language Ability Rating 
After Stroke 
We would like to understand how comfortable you are in English and your other language. 
Please circle the number (1-5) that best represents your ability to communicate in each 
speaking and listening situation. Please see the number descriptions below: 
1. I am non-fluent and speak at the single word level. 
2. I use phrases to communicate. I understand short sentences.  I understand and can use 
common expressions, greetings, and simple requests. 
3. I can participate in simple one-on-one conversation. I communicate primarily using 
concrete sentences. I do not use elaborate tense changes of grammar when speaking. I can 
read directions, fill out forms, read medications and bus schedules, etc. My comprehension 
is better when competing distractions are not present, e.g. loud background noise. 
4. I can participate in complex conversation, e.g. about detailed opinions, information, 
politics. I incorporate complex tense changes when speaking. I understand detailed 
descriptions or instructions, talk on the phone with ease, can follow dialogue in a movie, 
read newspapers and magazines with ease. 
5. Native fluency. I speak this language like my first language. I can explain a concept in 
multiple ways, I have metacognition (you know grammar is correct because it "sounds" 
right); I have a rapid, automatic speech rate with minimal word retrieval problems. I 
understand the majority of idioms, slang, and proverbs. 
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